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CHAPTER I 
INTRODUCTION 
Iron is the most important metal and ranks fourth 
in abundance in the earth's crust after oxygen, silicon 
and aluminium and occurs as a major and minor constituent 
in all mineral classes (Goldschmidt 195^) . Clarke and 
Washington (1924) estimated the iron content in igneous 
rocks as 5.015'o. Minami (1935) reported that arenaceous 
shale contains 4.51?^  Fe. Therefore, there are good 
groijnds for accepting a mean value of 5.0% Fe for the 
upper lithosphere (Goldschmidt 1954). Estimates of 
average iron content in the earth's crust (LePP, 1975) 
are listed in Table - 1 and reported values for the 
average iron content of various rock types in Table - 2. 
The cycle of iron (Fig. 1) as described by 
Landergren (1948) is, by and large, accepted by most 
geologists. But the relative importance of exogenic 
and endogenic process as prime concentrators of iron 
still remains highly controversial. 
According to Baterrian (1951), significant quanti-
ties of iron and titanium may become enriched in the 
late stage of mafic magma crystallization, e.g. Allard 
Lake, Quebec and Lake Sanford, New York. 
Highly concentrated and widely distributed iron 
ores are found in iron rich sedimentary rocks. 
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E s t i m a t e s of ave rage i r o n c o n t e n t i n t h e e a r t h ' s 
c r u s t and v a r i o u s rock t ypes a r e t a b u l a t e d in Table 1 
and 2 , 
Source Fe^O, FeO T o t a l Remarks 
2 ^ Fe 
1. Clarke (1924) 3.2 3.8 5.2 
2. Goldschmidt (1933) 3.3 3.5 5.0 
3. Taylor (1949) - - 5.6 Continental 
crust 
4 . P o l d e r Vaardt (1955) 2 . 3 5.0 5 .5 - d o -
5 . P o l d e r Vaardt (1955) 2 . 8 5 .8 6 . 5 E n t i r e 
l i t h o s p h e r e 
6 . Venogradov (1962) 2 .5 3 .7 4 .6 
7 . P a k i s a r & 2 . 3 5.5 5 .9 C o n t i n e n t a l 
Hobinson ( l967) c r u s t 
8 . rtonov & 2 .6 3.9 4 . 9 • - d o -
Yaroshevsky (1959) 
9 . Ronov & 2 .6 4 .4 5.2 E n t i r e 
Yaroshevsky ( i969) l i t h o s p h e r e 
Table - 1: E s t i m a t e s of average i r o n c o n t e n t i n t h e 
E a r t h ' s Crust(;;^^'repp, 1975) . 
Rock Types 
(A) Igneous Rocks 
Granite 
Granodiorites 
Diorites 
Peridotites 
Olivine basalts 
Average 
Fe^O^ 
2.9 
1.3 
2.7 
2,5 
2.7 
2.9 
(B) Sedimentary Rocks 
Shales 
Limestone 
Iron formation 
Sandstones 
Average 
4.2 
-
-
1.7 
3.5 
(C) Ketainorphic Rocks 
Precambrian spates 
i-.pphib elites 
j^ica & schists 
Gneisses 
4.1 
3.7 
2.1 
1.6 
FeO 
3.3 
2.6 
7.0 
9.9 
8.1 
3.3 
3.0 
-
-
1.5 
2.6 
6.7 
8.9 
4.6 
2.0 
Total 
Fe 
4.6 
2.9 
7.3 
9.4 
8.9 
4.6 
5.3 
0.36 
28.0 
2.4 
4.5 
8.1 
9.5 
5.0 
2.7 
Source 
Daly (1933) 
Nockolds (1954) 
Nockolds (1954) 
Nockolds (1954) 
Poldervaart (1955) 
Brotzen (1966) 
Clarke (1924) 
^larke (1924) 
Leop & ^oldich 
(I960) 
Pettijohn (1965) 
Garrels & ['[eckenzie 
(1971) 
i^anz (1953) 
Lapadu-Hacgues 
(1953) 
Poldervaardt 
(1955) 
Poldervaardt 
(1955) 
Table - 2: Average Iron content of var ious rocks, 
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Although, there is still no accord among geologists 
regarding the origin of sedimentary Iron Formations and 
Iron Stones, nevertheless, it is generally understood 
that they are chemical precipitates and their enrichment 
results from both surface and deep seated processes. 
Landergren (1948) concludes that most, if not all, 
enrichment of iron occurs in surface cycle and the 
deposit, that is classed as magmatic or hydrothermal, 
consists of iron initially concentrated by exogenic 
processes that have been remobilized during endogenic 
cycle. This idea of iron being concentrated chiefly in 
surface cycle and remobilized at depth receives support 
from studies on geochemistry of oxygen. Barth (19^8) 
calculated that oxygen in the atmosphere would suffice 
to oxidize the iron present in 1.4% of the upper crust. 
The fact ttiat the atmospheric oxygen has not been used 
up in the oxidation of iron suggests that there must be 
some processes which control the return of oxygen 
(trapped in iron at the surface), back to the atmosphere. 
Iron may thus act as a respiratory agent in the lithosphere, 
trapping oxygen near the surface and releasing it in the 
endogenic cycle. 
Gruner (1930) pixiposed that secondary enrichment 
of iron in the Lake Superior Iron Formations was caused 
by hydrothermal oxidation and leaching. James et al (1972) 
believe that high grade ores were concentrated by surface 
processes only. 
Large quantities of Banded Iron Formations were 
deposited mainly during the early and middle Precambrian. 
. KVoncherty and generally oolitic iron-rich rocks, most 
of which are of Late Precambrian age, are referred to as 
Ironstone whereas the banded rocks, most of which are of 
early and middle Precambrian age, (Fig. 2) are termed as 
Banded Iron Formation (BIF) (James, 1966). 
The Iron B'ormations of Precambrian Period are 
widely distributed almost in all the continents of the 
world. In the east European platform the formations are 
mainly concentrated in Ukrainian, Baltic and Voronezh 
shields and also in Kazakhistan. In the Australian plat-
form, the formations occur in 'w'estern Australia (Pilbara, 
Yilgran blocks and Hamersley basin), and in South 
Australia, Cleva metamorphics. In African platform the 
Banded Iron Formations of Transvaal system occur in Kuruman 
and Penge regions. 
Important occurrences of Banded Iron Formations 
in the Indian platform are found in Bonai range of Bihar 
and Orissa, Bailadila of M.P., Goa region of South-^ -'Jestern 
Peninsula, Babadudan/Kudremukh regions and Sandur schist 
belt of Karnataka State. 
The Iron Formations may be divided into four 
fades namely, oxide, silicate, carbonate and sulphide 
100 r 
3500-3000 2600-1900 1900-600 
MILLION YEARS 
\ \ \ i Iron Formations (Iron ore), 
Carbonate Strata. 
Clays Mica Amphibole Schist 
S 
|_- jSan( js Conglomertes Quartzites 
LIJjjGraywackes. 
^ ^ V o l c a n i c s . 
FIGURE: 2 EVOLUTION OF PROCESSES OF SEDIMENTATION 
IN THE PRECAMBRAIN. (AFTER TUGARINOVANO 
VOYTKEVICH 1966 ) . 
(James, 1966) . The iJonirnalai i ron ore depos i t s of 
Sandur s c h i s t b e l t are a t t r i b u t e d to the oxide f ac i e s of 
Banded Iron formations of Precambrian age. 
The Banded Iron Formations a re reported to have 
formed rhythmically by seasonal weathering (Trendal l , 
1973^') The s i l i c a bands are formed-generally under low 
pH ( l e s s than 7) whereas the i ron bands are formed under 
high pH (more than 7) (Melnik, 1982) . 
The Iron ores from Banded Iron Formations are 
repor ted to have been formed e i t h e r through primary means 
(Gruner, 1922b^ or through secondary means (Dorr - I I , 1965)• 
The primary theory of Iron Ore .Formation h,as become 
obsole te now and is general ly not being considered by 
the Geosc i en t i s t s . As per th i s theory the Iron of Banded 
Iron Formations remained as such and only the s i l i c a was 
leached out / The secondary theory of I ron ore Formation 
i s t ha t of supergene enrichment^ which is most popular 
and widely accepted. The supergene enrichment of Banded 
Iron Formations i s said to have taken place by leaching 
out of s i l i c a and the voids , produced thereof, a re f i l l e d 
up l a t e r by meteoric f l u i d s . In the Donimalai area a l so 
the Iron ores are produced from supergene enrichmait of 
iron ore mainly a f t e r leaching out of s i l i c a from Banded 
Iron Formation as evidenced from the ava i l ab le s t r u c t u r e 
and geochemical behaviour of rock formation in the a r e a . 
The fortiBtion of various types of iron ores , 
within the ore body i s l a rge ly con t ro l l ed by deformational 
7 
a c t i v i t y and especia l ly by the accentuated joining 
(Prucker, 1983) . 5^i?>if-/<iu%<=l^ he ore incidence in the 
Donimalal i ron ore deposits/var«-<^according to the impact 
of deformational forces loca l ly or depthwise. 
Location and Communication; 
The Donimalai i ron ore deposi t is s i t u a t e d between 
l a t i t u d e s 15°1'A0" and 15°5'0" and longi tudes 76°35'0" and 
76 38 '1" (Fig . 6) and occupies an area of about 12.30 sq. 
kms. almost in the extreme south of Sandur s c h i s t b e l t . 
Tornagallu i s the nea re s t r a i lhead loca ted a t a d i s tance 
of about 26 kins, from the Donimalai township (Fig. 3 ) . 
Physiography and Climate: 
General trend of tne Donimalai h i l l range i s 
iMNW-SSE. The highest e levat ion of the h i l l range i s 
1062 met^Alf above hSL. Top of the range forms a gently 
s loping undulat ing p la t eau , 100-300 ^AX^^S wide. The 
area has a hot and dry weather. Be l la ry area i s th in ly 
vegeta ted . The annual r a i n f a l l i s about 50-75 cms. 
Previous Work; 
The Sandur s c h i s t b e l t was i n i t i a l l y surveyed 
by iiewbold (1840) who was tlrie f i r s t to ident i fy and 
descr ibe the various l i t h o - u n i t s v i z . , meta-volcanics , 
p h y l l i t e s and shales of the a r e a . La te r , Foote (l@95) 
of Geological Survey of India gave 'a broad geological 
b«uwa 
^ CALCUTTA 
QOWtBA.V \ 
D O K i l M A U A l \«-»Ot»?Aa^VI6HAi<HAPATWAM 
| M A D * ? A e 
LOCATION MAP OF DOMIMALAI 
D15T. BELLARY (KARN.ATAKA) 
F I G . : - 3 
8 
account using the word 'Dharwar System' for these rocks . 
He f i r s t of a l l mapped Sandur h i l l s on 1" = 4 miles s ca l e 
and repor ted the occurrences of i ron ores in the a rea . 
He descr ibed these rocks toving a huge sync l ina l s t r u c t u r e . 
Subsequently^ s e v ^ a l o ther vADrkers l i k e FermoJ* (1909) 
and Ghosh (/l910) alsdxworked in the a r e a . Th4 work of / X. 7 
Fermor (1^09) and Ghosh CH910) was mainly UDi manganese 
depos i t s of t he a r e a . Venkararaman and Dutta (1949) 
estimated 130 mil l ion tonnes of i ron ores within a depth 
of 15 - 25 f e e t . They car r ied out t h i s work on the 
specia l reques t of Isaharaja of Sandur during t h a t per iod, 
Mishra (1972-1979) did work on s t r u c t u r e of Sandur 
s c h i s t b e l t . He divided the Sandur s c h i s t b e l t in to t h r ee 
formations namely, Sandur, Deagiri and Donimalai. Sandur 
being youngest and Donimalai the o l d e s t . Kaganna and 
Shiv Kumar (1975) descr ibed the s t r u c t u r e of Sandur s c h i s t 
b e l t as a doubly plunging syncl ine with a hinge running 
almost in E-W d i r ec t ion along Marihal la n a l a . 
floy and Biswas (1933) have a lso given a de t a i l ed 
account of the Sandur s c h i s t b e l t descr ib ing i t s s t r a t i -
graphy and s t r u c t u r e . These authors described the Schis t 
b e l t comprising predominantly of volcanic rocks with 
subordiriate amount of metasediments. They furtl::ier s t a t e d 
tha t the s c h i s t b e l t r ep resen t s f r ac tu re cont ro l led basin 
with an unstable t ec ton i c s e t up with two d i s t i n c t phases 
of fo ld ing deformation. They i d e n t i f i e d four formations 
9 
of s c h i s t b e l t where Wandihalli being the youngest and 
' Yeshwanthnagar the o l d e s t . However the above mentioned 
workers covered Donimalai as a par t of Sandur s c h i s t b e l t 
and the exclusive work, by any of them v/as not done in 
Doniraalai a rea . 
The Geological Survey of I^dia (196-^-68) ca r r i ed 
out d e t a i l e d inves t iga t ions to assess the economic poten-
t i a l of the Donimalai i ron ore depos i t s and reported t o t a l 
reserves of Iron being 155.79 K.T. with 5A.93% Fe content 
thiereby proposing t h a t t he deposi t s are worth developing 
for i ron ore mining. Later the National Mineral Develop-
ment Corporation of India did de ta i l ed explorat ion worK 
and developed the Iron Ore mine for export of Iron o r e . 
Suff ic ient work on the geochemistry and genesis of the 
Donimalai Iron Ore depos i t s has not ye t been done at a l l . 
Therefore, the author undertook s tud ies on geochemistry 
and genesis of Donimalai Iron Ores as p a r t of h is Ph.D. 
work. For K^Phil the work is ca r r i ed out on the following 
l i n e s . 
1. Microscopic examination of the o res , ore 
minerals and BHJ/BHQ with reference to t h e i r mic ros t ruc tu res , 
surface fea tu res and paragenesis of t h e Donimalai Iron Ore 
depos i t s i s ca r r i ed out during present s t u d i e s . Detai led 
study of such micros t ruc tures along witii other important 
surface f ea tu re s has not been ca r r i ed out so f a r an Indian 
banded Iron f'ormations except those of Bonai range. 
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2 . Chemical a n a l y s i s of t h e o r e s and 3HJ/BhQ. The 
a n a l y s i s i s c a r r i e d ou t by c o n v e n t i o n a l metiiOd, a tondc 
a b s o r p t i o n s p e c t r o m e t e r and X-ray fluor'OBCence s i n c e i t 
was n o t p o s s i b l e to r e s t r i c t t o one method only in view 
of h igh number of samples to be a n a l y s e d . 
3 . ."• ...„ .,5 vv g e o l o g i c a l map of t h e a rea ( F i g . 6 ) 
adding c e r t a i n b a s a l t / d o l e r i t e exposures n e a r t h e s c r e e n i n g 
p l a n t , t a k i n g a c t u a l measuremei ts of BHJ/BHQ bands , as 
d e t a i l e d below, in p a r t of SW of a r e a unde r s t udy , adding 
d o l e r i t i c b a s a l t exposure in 3E d e p o s i t - : - - fw 
"-•-_. -—-—^-— ____——,. r e v i s e d g e o l o g i c a l map of t h e 
N a t i o n a l Minera l Development Corpora t ion of I n d i a . The 
d e t a i l s of measurements a r e given below: 
SI .No . of Band numbers from Width of t h e bands (as 
BHJ/BHQ. e a s t to west i n measured from south e a s t 
extreme N.wes t of t o n o r t h west a t two 
t h e a r ea ( i n m t r s . ) p l a c e s ( a & b ) ( i n m t r s . ) 
(a) (b) 
1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 
/f. Regarding t h e s t r u c t u r e of t h e d e p o s i t s the 
c o n t r i b u t i o n of t h e s ^ a r l i f e r workel^s has been / fo l lowed and 
the au t t io r has n o t t a k e M u p d e t a i l e d s^ feKji-efe in t l i i s r e g a r d 
du r ing the course of t h e p r e s e n t i n v e s t i g a x i ^ . 
50 
40 
60 
60 
80 
30 
35 
35 
30 
25 
40 
50 
70 
35 
25 
25 
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CHAPTER - I I 
GEOLOGY AND STxRLCTURE OF THE 
DONIMALAI IRON ORE DEPOSITS 
Precambrian banded I ron fo rma t ions a re known to 
occur in a l l t h e c o n t i n e n t s of t h e w o r l d . The l amina ted 
rocks demindntly- ond o f t e n e n t i r e l y composed of g r a n u l a r 
q u a r t z and i r o n ox ide (Dorr I I , 1965) a r e known as 
I t a b i r i t e i n B r a z i l , Tacon i t e in Lake Supe r io r :tegion -
USA, J a s p i l i t e i n V«estern A u s t r a l i a , Ca l ico rock in South 
Af r i ca and Banded Magne t i t e Q u a r t z i t e or Banded Hemat i te 
Q u a r t z i t e / J a s p e r in the I n d i a n c o n t i n e n t . The fo rma t ion 
c o n s i s t s predominant ly of a l t e r n a t e bands of s i l i c a and 
i r o n o x i d e . 
IRON ORE b'ORMATIONS IK INDIA; The i r o n jfbrmations of t h e 
I n d i a n P la t fo rm a r e d e s c r i b e d b e l o w : -
a) Bonai Range 
Iron ore bearing rocks of the region occur in the 
Singhbhum and adjoining areas of Bihar and Orissa and 
consist of two groups with Noamundi basin in the western 
part of the Singhbhum granite platform and Gorumahisani-
Badampahar ranges in the Sv//NE part (Prasad Rao et al., 
1965). lyenger and Alwar (1965) and Jhingran and Sinha 
(1966) regard the above two groups as stratigraphically 
separate units. Dunn and Dey (19A2) and Sarkar et al 
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(1969) consider these groups s t r a t i g r a p h i c a l l y equiva len t . 
In the Bonai range the i^oamundi group of rocks i s 
reported to be between 2700 - 950 M.y. old (Mukherjee, 
1972) . 
The Noaraundi group of rocks cons i s t s of sha le , 
p h y l l i t e and tuff , a middle formation of Banded Hematite 
jftsper and an upper formation of manganiferous sha le , 
p h y l l i t e and tuff (Jones, 1934). The Gorumahisani group 
cons i s t s of Banded Cherty Quar tz i te , Banded Hematite 
Quar tz i t e , c h l o r i t i c and hemat i t ic p h y l l i t e , g r i t t y 
q a a r t z i t e , agglomeratic tuff , hornblende-schis t and 
e p i d i o r i t e (Dunn and Dey, 19^2). Their radiometr ic age 
i s repor ted to be 1562-1531 m.y. (Banerjee, 1974). 
Ba i l ad i l a i ron ore complex; 
The Precambrian rocks of Ba i l ad i l a i ron ore s e r i e s 
over l i e metabasal t ic rocks and older metamorphics of Bengpal 
s e r i e s (Crookshank, 1963). Granite gneisses and other bas ic 
i n t r u s i o n s a r e younger. According to Chat ter jee (19o9) the 
chronological order of Ba i lad i la i ron ore s e r i e s i s as 
f o l l o v s : 
- I ron ore 
Bose Iron r'ormation (Sikka, 1963) comprising 
various rocks of banded iron formation. 
Ferruginous sha les ( s l a t e s ) p h y l l i t e s . 
White arkose q u a r t z i t e often s ch i s to se with 
conglomerates. 
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Ihe age of metamorphism as revealed by K/Ar age 
determination is 2035 m.y. (Chatterjee, 1971). Age of 
3ailadila iron ore deposits is not reported separately. 
However they are definitely likely to be younger tnan 
2035 m.y. Since the metamorphism itself being post iron 
formational. 
Bababudan/Kudremukh iron ore deposits; 
The Precambrian scnistose rocks of this region 
have a KNW trend known as the Dharwar trend (Pichammuthu, 
1963). The rocks forming the 3ababudan hills, their 
environs, the metamorphosed ferruginous quartzites, 
argillites and the associated metavolcanics have been 
included in the Bababudan group of the -t^ harwar super group 
(Vishwanatha and rtamakrishnan, 1975), lyenger (1976) and 
rladhakrishna and Vasudev (1977). The age of the basal 
rock of Precambrian formations in Bababudan as well as 
Chitradurga area has been estimated as 3000 m.y. (>jOorbeth 
and Taylor and quoted by Swaminath & Ramakrishna, 1981, 
p. 6). The age of Goan group ox iron ore formations has 
not yet been determined by any of the workers. 
Sandur schist belt; 
Though rich in its iron ore potential, this belt 
is the smallest of the three basins of Karnataka. The 
other two being Chitradurga aiid ^himoga basins of younger 
greenstones - bharwar type (Radhakrishna, 1983). 
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Structurally tne Sandur basin (Fig. 4) is highly disturbed 
and intruded by the younger Closepet granite (Fig. 5). The 
basin is characterised by mafic complexes and strong 
development of manganiferous greywackes and phyllites and 
numerous bands of hematite quartzite/jaspers. Some of the 
richest accumulations of manganese and iron ores are concen-
trated in this basin. Basement cover relations are obscured 
due to later deformations and intrusion of younger granite. 
True basal conglomerates have not been observed but their 
place has been taken by continuous bands of orthoquartzites. 
The succession of rocks in Sandur schist belt as described 
by Roy & Biswas (1983) is as follows: 
A) Nandihalli 
formation 
B) Donimalai 
formation 
C) Deogiri 
formation 
D) Yeshwantha 
nagar 
formation 
I^ ietabasalt, metagabbro, acid volcanics 
and intercalated bands of greywacke^ 
argillites. 
Banded ferruginous or pyrite ferruginous 
chert (witlri its various met amorphic equi-
valents) metabasalt/amphibolites, meta-
gabbro, andesitic tuff, acid volcanics, 
conglomerates, meta greywackes and 
metapelite (Garnet mica schist, andalusite 
schist, cordierite garnet gneiss). 
a) Manganiferous greyv/acke-argillite 
v/ith bands of banded ferruginous 
chert and dolomitic limestones. 
b) Metabasalt and rare acid tuff. 
c) Arenites, dolomitic liraestone and 
phyllite. 
i^jetabasalt/amphibolite with metapyroxinite, 
metagabbro and thin intercalated bands of 
quartzite and quartz mica-schist. 
Peninsular gneiss (Banded granodiorite/tonalite gneiss). 
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The s c h i s t b e l t , in genera l , comprises 
Thimapannagudi range in eas t and the Donimalai and 
Devgiri ranges in extreme south cen t ra l p a r t in eas tern 
flank of the s c h i s t b e l t . Kuroaraswami and Ramandurg 
ranges comprise the western flank of the s c h i s t b e l t 
(Fig. 4 ) . 
The age of the Sandur s c h i s t b e l t , as reported 
by Naganna ^(1976), i s 2000-2700 ra.y. 
Donimalai Iron Ore Deposits 
S t ra t ig raphy ; A major port ion (70%) of the Donimalai 
rocks i s of metavolcanic or ig in (Hoy and Biswas, 1983) . 
The metasedimentary u n i t s are subordinate in amount. A 
prominent tuff band with varying th ickness (average 
th ickness 10 metres) , passes almost through the centre e>^ Ux p^epohX 
along the s t r i k e length of the Donimalai rocks (^ ig . 6) 
(GSI, 1968). 
>is described by Roy and Biswas (1935), rocks like 
metabasalt together with bands of acid volcanics, andesite 
metagabbro, greywacke, fuchsite quartzite, conglomerate, 
micaceous quartzite, carbonaceous schist and metapelites 
garnet mica schist, andalusite schist, cordierite gneiss 
are exposed in the area. Grunerite is developed very 
frequently where garnet is an infrequent metamorphic 
mineral v;ithin the ferruginous chert. 
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c o n t r i b u t e s i g n i f i c a n t l y to t h e fo ld geometry . He 
s t a t e d t h a t tirie c l e a v a g e i s mostly a x i a l p l ane type 
whi le t h e j o i n t s a re o f t e n con juga te but t h e f a u l t s a r e 
of ten t r a n s v e r s e in n a t u r e . Major c ross - fo ld in fv seems 
to be r e s t r i c t e d to a r e a s of l a r g e s t s t r u c t u r a l c u r v a -
t u r e s . 
According to Key and Biswas (1983) , the s c h i s t 
b e l t i s r e p r e s e n t e d by a f r a c t u r e - c o n t r o l l e d bas in having 
an u n s t a b l e t e c t o n i c s e t - u p . Two d i s t i n c t phases of 
f o l d i n g a r e r e c o g n i s a b l e , o f which the e a r l i e r one i s q u i t e 
pronounced producing KVv-SE t r e n d i n g r e g i o n a l s t r u c t u r e of 
the s c h i s t b e l t . The o t h e r one i s a s s o c i a t e d wi th d e v e l o p -
ment of b road warps wi th a x i a l t r a c e s a long t^ E^-VvoV* 
d i r e c t i o n . 
(J^d^) 'iA\e f i r s t phase of deformat ion i s mani fes ted by 
t h e development of microscop ic f o l d s , t i g h t to i s o c l i n a l 
raesoscopic f o l d s , s c h i s t o s i t y , m ine ra l l i n e a t i o n , and 
development of broad v/arps with a x i a l t r a c e s s t r i k i n g 
ENE_WSV». Open to c l o s e mesoscopic f o l d s and c r e n u l a t i o n 
c l evage can a l s o be o b s e r v e d . Roy and Biswas (19o3) , have 
a l s o worked on s t r u c t u r e of t h e s c h i s t b e l t of which 
Donimalai i s a part.^^*-^*''^'''"'^''^^A^j'e rr ^^y-s'oc -^'i^ -i^  <f^ ^ ' ^ <5^ e^ ^^ o/''m*»rT'C /^ 
h^U^d uj^-ipi, i^^n. ^^^-^ -^^-^^^ ^ ^ ^ ^ / ^ ^ ^ - ^^y^a^^fJ^y. (/?oy i-<irsc^c,u^gsy 
However, s t r u c t u r a l l y , t h e -i-ionimalai B'oriaation 
r e p r e s e n t s a doubly p l u n g i n g s y n c l i n e wi th a s t e e p p lunge 
v a r y i n g from 50 t o 70 i n Ki-iW d i r e c t i o n and a g e n t l e 
plunge va ry ing from 10° to 40° in SSE d i r e c t i o n . -Reversal 
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of dips are also observed especially in the IMorth Biock. 
Other planer structures like bedding, cleavage joints 
and faults are also well represented. 
In Donimalai area six faults (a, b, c, d, x and 
y) are among the most prominent structural features 
especially for economical impact on ore body (Fig. 7). 
Fault -b, with an up throw, separates North Bjock from 
South Block. Faults x and y with down throws pass 
through the western flank of the ore body - A (x) and in 
between deposits I and I-A (y). Faults c and d with 
down and up throws respectively occur in the extreme 
south in between cross sections C-5 and C-6 Fault (a) 
with small downthrow is bifurcating 3W deposit from 2Y. 
(iii) Metamorphism; 
The development of cleavage is the first imprint 
of metamorphism accompanying the grov/th of chlorite, 
muscovite in sedimentary rocks (Roy and Biswas, 1979) • 
In Donimalai the presence of sericite (PI. II - i-'ig. 2), 
being altered from plagioclase and chlorite (PI. II, 
Fig. 2) probably an alteration from pyroxenes, are 
characteristics of the low grade metamorphism. Kost 
of the basic igneous rocks, especially those occurring 
as basement rocks and at places deep into the ore body, 
are characterised by the abundance of minerals like 
chlorite, epidote, and actinolite indicating the green 
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s c h i s t metamorphjc f a d e s . The sedimentary rock forma-
t ions are mainly represented by arenaceous and a r g i l l a -
ceous rocks l i k e tu f f s and p h y l l i t e s . Roy and Biswas 
(1983) reported garne t i fe rous s c h i s t and gneisses from 
the Donimalai a rea which a l so i n d i c a t e the effect of 
green s c n i s t metamorphic f a c i e s . The presence of rock 
assemblage l i k e epidote-hornblende-plagioclase (o l lgoc lase) 
represen t the ef fec t of amphibolite f a c i e s . The b i o t i t i -
zat ion and c h l o r i t i z a t i o n ind i ca t e progress ive increase 
in grade of metamorphism. 
i^ietamorphic mineral assemblage in the Donimalai 
area i n d i c a t e s ti:iat the grade of metamorphisrn ranges 
from lov/er green s c h i s t to lower or medium grade amphi-
b o l i t e f ac i e s of regional metamorphisrn s imi la r to t h a t 
as s t a t e d by xioy and Biswas (1979) for pa r t 01 the e n t i r e 
s c h i s t b e l t . 
CHAPTER - I I 
PETROLOGICAL STUDIES OF THE 
DONIMALAI IRON ORE FORfvlATION 
Sys t ema t i c p e t r o l o g i c a l s t u d y of t h e Donimalai 
I r on Ore Format ion has no t so f a r been under t aken by any 
of t h e e a r l i e r workers . The Geo log ica l Survey of I n d i a 
(1968) examined t h e Donimalai I r on Ore d e p o s i t s and 
i d o i t i f i e d h e m a t i t e , raartite, g o e t h i t e , l i m o n i t e i n t h e 
o r e s . Af t e r 1968 onwards, the R a t i o n a l Mine ra l Develop-
ment Corpora t ion of I n d i a c a r r i e d out d e t a i l e d e x p l o r a t i o n 
work mainly f o r development of t h e i r o n - o r e d e p o s i t s f o r 
min ing . The re fo re , a d e t a i l e d ^ p c t r o l o g i e c r l study of t h e 
Donimalai d e p o s i t s i s t aken up by t h e a u t h o r with a view 
to s tudy t h e mineralogy and p a r a g e n e s i s of the Donimalai 
I r on Ores . 
The banded i r o n f o r n a t i o n s a r e among t h e most 
i m p o r t a n t pooit l o r m a t i o n o hore a s r e g a r d s the economic 
a s p e c t s . The re fo re , the s tudy of banded i r o n fo rma t ions 
has been given more emphasis with d e t a i l s l i k e mineralogy 
of i n d i v i d u a l m i n e r a l s i n ore and i n 3HJ/3HQ, r e p l a c e -
ment v / i th in o r e and in BhJ/3HQ and t h e impor tan t s u r f a c e 
f e a t u r e s , and raicrostructures in Banded Hemat i t e J a s p e r s / 
C u a r t z i t e . 
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The metavolcanics, though in abundance (about 70%) 
in the area are not s i g n i f i c a n t economically. Therefore, 
a l imi ted study has been taken up for metavblcanic forma-
t i o n s , 'hsi^ir study i s aimed-sto emphasize the presence 
of those rocKN^pes which hav^s^robably played an 
impor tan t / ro le irv^geology and enricMm^t of the Donimalai 
Iron ore ' fo rmat ions . The pe t ro log ica l study has been 
taken up on the following l i n e s : 
1. I ron ores ; The iron ores occur above the Banded 
Iron Formations usua l ly a t the top of the r i d g e s . The 
study of various types of ores has been ca r r i ed out in 
d e t a i l , 
2 . Banded Iron formations; The Banded Iron J^'ormations 
include banded hemati te j a sper end banded hiematite 
q u a r t z i t e wtiich l i e between the basement rock formations 
and i ron o re s . 
3 . Qarigue Minerals in Banded Iron Formations; Louring 
the course of deposi t ion of BIF ce r t a in uneconomical 
minerals were also deposi ted in BIF of the I^onimalei a r ea . 
Their pe t ro log i ca l study has a lso been at tempted. 
4 . Basement Aock ^'ormations; The basement rock forma-
t ions cons i s t of metavolcanics, overlying the o lder 
g ran i t e and underlain by the Banded Iron J^'ormations. 
Their p e t r o l o g i c a l study has a lso been taken up with the 
view to a s c e r t a i n presence of major metavolcanic forma-
t i o n s . 
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The petrological description of ores, Banded 
Iron formations, gangue minerals within BIF and the 
basement rock formations is as follows: 
(I) Iron Ores; 
Polished section studies have revealed magnetite 
as a precursor of hematite in the Donimalai iron ore 
deposits. During martitization the magnetite is altered 
forming hematite through martite (Pl. I, i?'ig. 1). Iwo 
other iron minerals, goethite and lepidocrocite are also 
associated with the ores. Ho presence of carbonate, 
sulphide and primary silicate facies of iron ores are 
noticed in the Banded Iron i-'ormations of the L^ onimalai 
area. The minerals identified in course of the present 
study are detailed below: 
(a) Hematite (Fe^O,): Hematite (PI. I, Fig. 2) is the 
main ore of the Donimalai Iron ore deposits. It is 
generally associated with impurities like silica, clay, 
shaly and cherty material where the elements like AlpO,* 
P^O , etc. are available. On alteration, hematite gives 
2 Z> 
rise to hydrated oxides of iron namely, lepidocrocite and 
goethite. Hematite under reflected light appears greyish 
white in colour with moderate reflectivity and limited 
reflected pleochroism and strong anisotrophism. During 
etching tests the reaction was found negative. The 
texture of hematite observed to be tabular. 
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(b) i^ iagnetite (FeO, Fe^^O^)'' Viagnetlte occurs in both 
laminated and massive ores as the remnant of martitized 
magnetite though in a negligible amount. The crystals 
are usually fine grained. Kagnetite is pinkish grey in 
colour and isotropic under crossed nicols (PI. I, ^ 'ig. 1)-
The etching test with HCl blackens it. The grain size of 
magnetite is generally euhedral. 
(c) Martite; The martitization is caused by oxidation 
effects on magnetite, which ultimately formis hematite. 
The martite is pseudomorphous after magnetite and thus 
retains its original isometric form (?1. I, Fig. 1) 
(Gruner, 1922a, Mann, 1953) . ^part from being feably 
magnetic the martite has most of the hematitic characters. 
The paragenetic episode of the ^onimalai iron ore deposits 
reveals that the martitization started just after the 
deposition of iiBgnetite in the area due to oxidation under 
higher Eh values (Gruner 1926, i-.elnik 1982) . The grains 
of the nartite are euhedral. 
(d) uoethite ( FeOOH (+H2O): (PI. II, ^ igs. 2 .;• 3) 
Goethite is altered/hydrated form of hematite. It occurs 
in colloform bands mostly in the solution cavities in 
laminated ores. Sometimes anhedral crystals of goetiiite 
are found in the massive ore. Goethite is srey in colour 
witti shades of pinkish brov,'n and yellow. Replacement 
of hematite by goethite is observed as shown in Plate II, 
Figs. 2 & 3. i-vidently the HGl gives no reaction during 
etching test. Goethite gives beautiful colloform texture. 
(e) Lepidocrocite ( FeOOH) : (Pi. 11^ rig. 3). Lepido-
crocite occurs in association with massive goethite and 
as coatings in the pits of massive goethitic ores. It 
sometimes show pale bluish colour and excellent brov.nish 
grey to yellowish internal reflection. It has a fairly 
well developed collofoym as well as occasionally pisolitic 
textures as can be seen in the photograph. The HCl gives 
no reaction during etching test of the lepidocrocite. 
Probably the lepidocrocite contains high phosphorus content 
and requires further investigation, 
(f) Shaly ore; (PI. Ill, i^ 'ig. 2). The shaly ore is 
produced by replacement of shale by iron of hematitic 
origin. The possibility is favoured by Gruner (1937) 
too. Except the shaly appearance the shaly ore has all 
hematitic characters with normally 65% Fe content. The 
ore under cross nickols is strongly anisotropic and has 
moderately reflected pleochroisrri giving a golden yellow 
colour under reflected light. 
There are various other ore types produced from 
hematite by unlocking of the interlocks of various grains 
within the ore (Dorr 11, 1965) or by deformational forces 
(Prucker, 1933) or may have been formed through both the 
processes in view of the autiior as observed in the field. 
They are discussed in detail in Chapter V. However, trie 
National I'j-[neral Development Corporation for its working 
convenience classified these ores in 7 various classes 
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(Table 10) . i-ill softer ore types are reported to Lave 
formed at the experise of hard ores (Dorr II, 1965), 
which means the first five ore types after massive ore 
are formed at the expense of massive ore only. The 
author feels on the basis of field evidence that the 
hard/medium hard ores (PI. I, ^ 'ig. 2) are primary in 
nature. Their enrichment by meteoric agencies forms 
massive ores whereas unlocking of their interlocks forms 
soft ores (PI. I, Fig. 3). The formation of friable/ 
biscuity or platy ores is also probably primary in 
nature, which existed within kicroband zones of BII-'. 
After leaching out of Silica from such zones v.'hat remained 
was the platy ore, as evidenced in the trench section of 
the ^onimalai Iron Ore deposits. 
(2) Banded Hematite Jaspers/Quartzites; 
Actual thickness of banded hematite jasper/ 
quartzite of the area is so far not measured by any of 
the earlier workers. It is approximately more than 
1000 Kts. thick in the area as pointed out by Mishra (1976) 
Being the host rock of Iron Ore the BIF has a very 
important position among various rock types of the area. 
The petrological study of about 49 boreholes and 
rock samples of BHJ/BHQ is carried out. The rock samples 
are numbered SR 14, etc., and boreholes samples are 
numbered as BSR-42, etc. The samples with locations are 
shov«n in i^ 'igure 6. 
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No de t a i l ed p e t r o l o g i c a l information is so far 
ava i l ab le on banded i ron formations of India except those 
of Bihar and Or issa , where prominent work nas been done 
by Banerjee (1977), rlai e t a l (1980), Acterya and Amstutz 
(1982) and Ghakraborty and hajumdar (1986) . Banerjee 
(1977) described de t a i l ed geology and i t s r e l a t i o n s h i p 
with d i f fe ren t rock fo rna t ions of Singhbhum area . 
AclrBrya and A-instutz (1982) , described two per iods of 
d iagene t i c c r y s t a l l i z a t i o n and migration in BIF of Or i ssa 
a rea . Chakraborty and Majumdar (1986) described various 
primary sedimoitary s t r u c t u r e s of Bihar and Orissa a r e a . 
They fu r t h e r s t a t ed t h a t source of i ron and s i l i £ a in 
Bihar and Orissa area is non-volcanogenic with shallow 
water marine cond i t ions . 
The banded hemati te j aspers and banded hemat i te 
q u a r t z i t e of the Donimalai area have been taken up for 
d e t a i l e d study with the view spec ia l ly t h a t no sucn work 
has been taken up in d e t a i l in t h i s c a r t of tne i ron 
formations of Ind ia , Chakraborty and Kajumdar (1986) 
have considered the presence of jasper in 3HJ due to the 
uniform mixing of magnetite dust with s i l i c a matrix within 
the s i l i c a bands of the Banded magnetite j a spe r s of Bihar 
and Or i s sa . In the Donimalai i ron ore deposi t s the 
occurrences of jasper and qua r t z i t e are sporadic and show 
also va r i a t i on in colour i n t e n s i t y . Therefore, i t however 
looks doubtful t l iat j a spe r co lora t ion in s i l i c a of BIF i s 
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a result of syngenetic processes as stated by Chakraborty 
and Kajuindar (1936) . It looks more practicable tnat the 
surface meteoric water witn sufficient iron content must 
have introduced iron into silica during diagenetic 
crystallisation ultimately producing jasper. '^he jasper 
unaffected areas of silica became quartzite. The same 
secondary cycle of solutions v,lth iron probably formed 
ferruginous shale and also shaly ores. 
The most characteristic surface feature and micro-
structure of BHJ/DHQ are micro and mesobanding (Trendall 
1973c). Detailed work on various BHJ/3HQ bandings is 
done on Hamersley Basin, >^ ustralia by Trendall (1973c). 
In the ijonimalai Iron Ore deposits such stiidies nave not 
been taken up earlier. Therefore this aspect of EHJ/BHG 
of the area is also taken up in the present venture to 
highlight the characteristics of various bands and other 
microstructures. In BHJ/BHQ of the Bonimalai area, also 
such banding is observed (PI. IV, Fig. 1 & 2). These 
bands (Meso or Ricro) of either iron or silica, however, 
are not pure in true sense. Even the microbands of silica 
show intercalations of iron whereas iron ba^ ids contain 
silica as intercalations of iron (PI. Ill, ^ 'ig. 1). 
At places, lense-shaped structures are noticed 
(PI. IV, i-'igs. 1 & 2; PI. VII, Fig. 3)^ which are 
probably due to non-uniform pressure effects. The 
28 
pos t -depos i t i ona l f e a tu r e , re fe r red to as cod s t r u c t u r e 
by Gross (1972) and Cht^kraborty and Kanumdar (1936), i s 
a l so not iced in the 3HJ/BHQ of the area (PI . V, r i g . 3 ) . 
Chakraborty and Ma.lumdar (1986) considered them to be 
due t o the d i f f e r e n t i a l compaction of ge l l i k e m a t e r i a l . 
i^lmost in the o i t i r e BIF zone of the Donirnalai, the 
secondary quar tz-vein development (PI . V, F i g s . 1 & 2) 
i s very common which uos t ly t r a v e r s e s tJ-ie bands in the 
Donimalai BHJ/3HQ. Chakraborty and Majumdar (19^6) 
considered them as cracks f i l l e d v/ith l a t e s i l i c a . 
iipencer and Perc iva l (1952) f i r s t reported such micro-
dess ica t ion cracks from B^ jJ of Jamda va l ley a t t r i b u t i n g 
them to gradual shrinkage of co l l o ida l s i l i c a / i r o n oxide 
gel and fur ther s t a t ed t h a t such voids being f i l l e d up 
l a t e r by secondary s i l i c a , iuch bands a re also observed 
in liKJ/BHQ of t h e Donimalai area (P i . VI, F i g . 3 and 
a t 
P i . VII , i' 'ig. 2) . Here, c e r t a in places the iron has 
also f i l l e d up such cracks as observed in the BiIJ/3nC 
(PI . V, F i g . 3 ) . -"t p laces s t y l o l i t e s a r e also observed. 
Acharya and Amstutz (1982) described s t y l o l i t e s v/ith the 
zones of r e c r y s t a l l i z e d hemati te poss ib ly formed owing 
to t h e d i f f e r e n t i a l pressure of weight of the forir.ation. 
In the Donimalai BIF a lso s t y l o l i t e s are ava i l ab le 
(PI . I l l , F i g . 3) whicn show tlriat the bands are o r ig ina ted 
due to t n e pressure of rock forri.ations during r e c r y s t a l l i -
za t ion . Some samples of -^onimalai banded hemati te j a spe r s 
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show intermixing of silica in hematitic band and vice 
versa. This mixing is probably due to the local 
seasonal variations during deposition (PI. Vll, I'ig. 1), 
since iron and silica precipitate under different 
environment of deposition (Trendall, 1973c, Xrishnsn 1973). 
Contemporaneous deformation structures represented 
by intraforiration, brecciation, microfolds and micro-
faults are very common in Banded Iron Formations as has 
also been stated by Trendall and 3lockley (1970), Gross 
(1972) and Chakraborty and Majumdar (19^6). These 
structures have been attributed to occasional slumping, 
compaction and tension in sediments of hydroplastic stage 
as enunciated by Chakraborty and Kajumdar (1986), Such 
structures like intraformation brecciation (PI. Ill, 
Fig, 3) and microfaults (PI. V, Fig. 1 & 2) are available 
in the Donimalai area also which indicate the effect of 
slumping, compaction and tension in sediments of hydro-
plastic stage. In the Donimalai 3IF 3 generations of 
silica can be identified (PI. V, Figs. 1 & 2), The one 
which was bedded during primary sedimentation. The 
second generation is recrystallized later along and 
oblique to the bedding planes and the third generation 
which generally transact the earlier two generations 
and seems to be on a bigger scale too whereas the iron 
formation in the JJonimalai is observed to be in two 
generations. The one which is primary and the other 
traversing mostly across the bedding plane (?1. VI, 
i''ig. 1, 2 & 3) . Folding is also observed in such 
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secondary c r y s t a l l i z a t i o n in the Donimalai area (PI, / I , 
F i g . 1 i^  2) . 
GoloNjccurrences slfre reported from Banded Iron 
Formations of SoiHh Afrl6a and is c lose ly associate'.: with 
a r senopyr i t es such as ioa Kolar goldf ie ld area (Radha-
krishna et a l . 1986) . / In the jOonimalai area s ince 
occurrences of arsei /opyri tes areN;K)t observed, the 
p o s s i b i l i t y of golfi occurrences are raeagere he re . 
(3) Gangue Minerals in Banded Iron ^'ormation; 
Gangue mineral study of the Donimalai Banded Iron 
Forroations has also been ca r r i ed out i n s p i t e of the f ac t 
tha t the study proved to be highly d i f f i c u l t owing to the 
mic roc rys t a l l i ne na ture of the minera ls , the follov/ing 
minerals were i d e n t i f i e d ( in order of abundence): 
•(a) Quartz; Three generations of quartz a re observed 
namely the primary, secondary and t e r t i a r y quar tz . The 
primary quartz occurs mainly as s i l i c a (P I . I l l , Figs 1 
& 2 ) , The secondary quar tz i s also observed f i l l i n g 
the cracks developed l a t e r v/hereas the t e r t i a r y c r y s t a l -
l i z ed quartz cut across a l l the e a r l i e r two bands u sua l l y . 
Such cracks are observed mostly developed across (PI . V, 
F i g . 1 S-, 2) and oblique ( ? 1 . VI, i-'ig. 3) to the bedding 
p lanes . 
(b) P lag ioc lase ; P lag ioc lase i s a lso occurring as 
syngenetic mineral along trie bedding planes in the banded 
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iron formations. Albite is the main mineral airionr; 
plagioclases. It is colourless, anhedral to euhedral in 
form, having pale yellow first order colours, extinction 
angle 19 and show polys^Tithetic albite twinning (PI. VIII, 
Fig. 2) . 
(c) Orthoclase; Apart from the quartz which is highest 
in amount among the BHJ/BHG gangue minerals, felspar, 
mostly plagioclases and occasionally orthoclases is also 
observed. Colourless to cloudy subhedral to euhedral 
crystals with weak birefringence and first order grey 
colour having low extinction (5 - 12 ) and occasionally 
with twinning as per Carlsbad law are noticed. The 
feldspars are syngenetic in nature since they are mostly 
observed to be occurring along the bedding planes in the 
3HJ/BHC: (PI. VIII, ^ ig. 1 S 2). 
(d) Pyroxenes; Pyroxenes are observed occurring as 
syngenetic mineral within BHJ/BHQ formations of the 
Donimalai a27ea. Due to their microcrystalline nature, 
it is difficult to study them under the microscope. 
Nevertheless, augite is observed to be the main among 
pyroxenes (?1. VIII, Pig. 1 &. 2). 
(e) Kpidote; Colourless to yellowish green being slightly 
pleochroic. It occurs as columnar to granular crystals 
with relief greater than Canada balsam. 'Ihe interference 
colours are high order greenish. This mineral is observed 
32 
occurring as epigenetic with BHJ/BHC foraiations (PI.VIII, 
Fi^. 2). 
(4) Basement ^^•ock ^'ormations; 
(a) D o l e r i t e / b a s a l t (PI . IX, ^'ie,. 1 ) / Hard, massive 
and greyrsh in colour, the doleritffic/rock occurs in 
abundance i n r K e a r ea , i"- number o f / v e s c i c l e s , spher i ca l 
in na tu re are seenNm hand specim/en. In th in s ec t i ons , 
the rock shows ^ctinolirt^e (Cros / hetched) c r y s t a l s and 
epidote ( in the centre) (Pi/NDt, r i g . 2 ) . The o l sg ioc lases 
(•^-Ibite) and •'-mphiboles (^-ct^ino"!Mte) are the primary 
cons t i t uen t s of the rock. A'he p l a g ^ c l a s e s are co lour less 
to greyish white, elongat«^d needle s h a p ^ c ry s t a l s v;ith 
l e s s p e r l e c t cleavage end. lov; r e l i e f and sb^ ow 1s t order 
grey in t e r f e rence colours , ex t inc t ion angle oS. 15 and 
a l b i t e type twinnin^^;/ -^'patite, l o i s i t e and i ron oxide 
occur as accessory /minera ls . The Amphibile minerals 
(Act ino l i t e ) migLrt have been most probably the a l t e r a t i o n 
product of pyroxenes i n i t i a l l y . 
(0-) ^ -c t inol i te Sch i s t : ( ?1 . IA , Big. 2 ) : . The rock i s 
f ine grained and cons i s t s of a c t i n o l i t e and p lag ioc lase 
( a l b i t e ) in major amount. iipidote ( in tlrie centre) i s 
necessary . Chlor i te under tiie microscope is observed 
to have been a l t e r e d from a c t i n o l i t e whereas s e r i c i t e i s 
an a l t e r a t i o n product of p lag ioc lase f e l d s p a r s . 
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(b) Ser ic i t ized Schist; (?1. IX, Fi^. 3; PI. X, ^'ig. 1): 
The rock is fine grained, exhibiting planer f i s s i l i t y 
and consists of highly fine grained ferruginous clayey 
material , ^e r ic i t e occurs as green to pale greenish, 
feebly pleochroic, scaly with upper second order colours 
and extinction angle of 2 . Cuartz and epidotes are the 
other niindrals in subordinate quantity. 
However, se r ic i t e is seen s t i l l retaining i t s 
la th shaped forrii. Epidote is granular whereas zois i te 
occurs in prismatic form, '^ he dark opaque, minerals 
possibly represent magnetite, '^iscicles are also observed 
in the rock which seems to have been f i l l e d up with 
secondary s i l i c a . 
(d) Zoisi te : (PI. IX, ? ig . 2) : Seine-, in Eoidote group, 
the orthorhombic, crys ta ls of Zoisite are prismatic, 
deeply s t r ia ted and also massive, columner to compact. 
Cleavage is very perfect . Fracture uneven to sub-concoidal. 
H-5-6.5, G = 3.25-3.37. Lusture '^itreous. Colour greyish 
white, gray, and also apple green and Rose Red. Pleo-
chroism strong in pink va r i e t i e s . I t s composition i s 
H-Cap-^l^rSi 0 . The Alumina is sometimes replaced by 
I ron, 
In thin sections, the Zoisite i s distinguished 
witti high re l ie f from epidote. I t i s distinguished by 
i t s lack of colour and low birefrengence, sometimes shov.'ing 
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Ultra blue under ^^ross Kico l s . I t occurs mainly in those 
igneous rocks which a re formed by dynamic metamorohisn^ 
and containing p lag ioc lase ( r ich in lime) . In tlie 
Donimalai area i t i s commonly accompanied by a c t i n o l i t e . 
(5) Observation: 
::;ased on f i e l d and pe t ro log ica l s tud ies the 
following observations are made: 
(a) Out of 70/0 of volcanic and metavolcanic basement 
formations a s izeable por t ion is of b a s a l t s / d o l e r i t e s . 
These rocks mainly contain arnphiboles (-^'Ctinolite) and 
feldspar's (P l ag ioc l a se ) . -p ido te and z o i s i t e are in 
subordinate q u a n t i t i e s . They riowever seen, to be iiiuch 
younger in age since some of the flov;s a re seen to have 
penet ra ted through even iron ore in Donimalai area as 
observed a t 1017 bench in r.'orth Block (^^ig. 5 ) . 
(b) Sanded hematite j a s p e r s / q u a r t z i t e s of the iJonimalai 
area were deposited as a l t e r n a t i n g bands of hematite and 
s i l i c a probably under shallow water condi t ions (i^rever, 
1974) and in spec i f ic Eh, pH ( l e s s than 7 ) , condit ions 
with high frequency of seasonal s t r a t i f i c a t i o n . 
(c) There were as many as 3 cycles of s i l i c a deposi -
t i o n . One being the o r i g i n a l and the other two being 
l a t e r due t o d iagenet ic r e c r y s t a l l i z a t i o n . A number of 
micros t rue tu res cind other important surface fea tu res are 
also formed during d i agenes i s . 
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(d) There were as many as two cycles oi i ron . The 
f i r s t being the o r i g i n a l and the l a t e r post depos i t i ona l . 
(e) The magnet i t ic ore i s i n i t i a l l y a l t e r e d by 
m a r t i t i z a t i o n to hemat i te . 
(f) Other minerals l i k e goeth i te and l ep idoc roc i t e , 
a t a l a t e r s tage are a l t e r e d from hemat i t e . Since 
l ep idoc roc i t e shows high percentage of phosphorus^it i s 
expected tha t v i v i a n i t e (i''e-2P20(.8H20) or l a z u l i t e 
(2AIP0A( FeT'^ g) (0112)2 must have probably formed during 
the process which gives high percentage of phosphorus. 
Hov/ever, t h e i r microprob ana lys i s can only confirm i t . 
(g) Shaly ore is produced l a t e r , a f t e r replacement 
of shale by hemati te a t secondary s tage (PI . I I , F ig . 1 ) . 
(h) The gangue minerals in BHJ/BHG of i^onimalai i ron 
ore deposi t are quar tz , fe ldspar , amphiboles, pyroxenes, 
and epidote in order of abundance, ^ 'e ldspars , pyroxenes 
and Amphiboles are syngenetic v/hereas the minerals l i k e 
epidote and z o i s i t e are secondary. Gangue minerals 
present in BKJ/3HC i n d i c a t e t h e i r o r ig in a t l e a s t pa r t ly 
sedimentary ind ica t ing t h e i r assoc ia t ion v/ith g r a n i t i c 
rocks . 
(6) Paragenesis : -^ he sug.-estion of 3aston (1941) as the 
c r y s t a l s with outs ide convex boxindaries are older than 
surrounding minerals and v ice-versa and those of Thomas 
(1949) as ' I s l and to I s l a n d ' and ' I s l and to Kainlend' 
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mineral r e l a t i o n s h i p could not be used for the study oi 
banded iron formations. The main c r i t e r i a for present 
paragenet ic deterrr ination is the t ex tuea l control on tne 
minera l iza t ion of various ore and mineral formation of 
the Donimalai iron ore d e p o s i t s . 
From the point of viev; of paragenesis i t can be 
concluded t h a t the magnet i t ic ore i s probably the f i r s t 
to form alongwith the gangue rainerals l i k e quar tz , f e l d s -
pars , pyroxenes and ep ido te . Later , during diagenesis 
almost the en t i r e magnetite was a l t e r e d to hemati te , 
leaving as ide a few cases where mar t i t i za t io r : i s s t i l l 
in p rogress . I t i s during triis period tha t ood or lense 
shaped s t ruc tu re (P l . V, i'l;-. 3) i secondary cuartz develop-
ment across the banding or the cyneresis ai'id microdessica-
t ion cracks (PI . V, P i g . 1, 2 6: 3) v/ere developed. 
The gangue minerals present in 3HJ/3iiG of the 
Donimalai iron ore formations are ind ica t ing the composi-
t i o n a l a l l i ance with g r a n i t e , the moct p r imi t ive roci:-'ln 
the a r ea . I t , t h e r e f o r e , appears tha t the g ran i t e must 
have fed i ron and s i l i c a during the depos i t ion of 3HJ/BHC. 
Since such a huge quant i ty of .3IP i s not l i ke ly to be 
deposited only from p*»±-m±fr9h^  (grani te ) crusx decay, t-«*^<s^/^**^*' 
i t can well be argued tha t renBining p a r t of the m a t e r i a l , ' 
probably must have come throuj-hi sub^t,quent volcanic f lows. 
(Already more than one flows of Do le r t ^e /basa l t , in the 
area are observed as can be seen elsewhere and a t 1017 h t s . 
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bench (i;orth Block) also. The former being older and 
later being younger(Fig. 6). The thin section photo-
graphs of basalt penetrating through 1017 bench are 
placed at Plate X, Figs. 2 d 3. However, it needs 
detailed study which would be taken up later. Presently 
if above possibility for source of the Donims^lai 3IF is 
taken as correct, the Doniraalai model for genesis of iron 
ores can thus be said as sedimentary which is in agreement 
with the model presented in Chapter IV. Later after the 
formation of BHJ/BHQ the iron ores are enriched mainly 
by surfacial meteoric agencies. The various types of 
ores are formed due to the accentuated jointing (Prucker 
1983) or the unlocking of the interlocks of different 
grains, within the ore as part of the ore is disintigrated 
forming soft ores (Dorr, II, 1965). 
.y by ascending 
.d evidences 
ilso the 
;tly by ascend-
;his goethetic 
depth at 
L Block near 
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)ethite in the 
.gh phosphorus 
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It is during this period probably^that the shale, 
at places, v/as replaced by hematite forming shaly ore. 
Lastly in the Donimalai paragenetic episode the lepido-
crocite was formed within the goethetic occurrence 
(Pl. II, Fig. 2 &.3) as post goethetic formation. It is 
probably this lapidocrocite which contains high percentage 
(0.08 to 0.985%) of phosphorus in the Donimalai iron ores. 
The analysis of lepidocrocite sample gives maximum 
percentage of phosphorus (Table 7). The vivianite or 
lazulite minerals probably may have formed within lepido-
crocite giving rise to high phosphorus content. Since 
the minerals mentioned are iron phosphate and aluminium 
phosphates respectively. The lepidocrocite contains high 
alumina also (at places upto 13%) in addition to being an 
ore of iron. 
The Gangue minerals apart from quartz (Primary, 
secondary and tertiary) are mainly feldspars, amphiboles, 
alongwith epidote. They indicate granitic composition 
for gangue minerals present in Banded Iron B'ormations of 
Donimalai. The Paragenetic sequence of the Donimalai 
iron ore deposit thus obtained is presented in Table 5. 
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EXPLANATICM OF PLATES 
PLATE - I; 
f igu re 1; Fiart i te ([•.ar) in isometr ic form can be seen 
in the middle of the photo ?:raph which i s surrounded 
by hemat i t ic c r y s t a l s . The m a r t i t i z a t i o n can a l so 
be c l ea r l y observed progressin/r;; from bottom to top 
in t h e c r y s t a l . 80 X. ftA- u'^kX 
Fi^ure_2: Hematite (He) (Hard laminated ore) in white 
colour and s i l i c a - g r e y coloured (Si) can be seen 
in t h e photograph. Tne tabular t e x t u r e of hematite 
and the highly laminated charac ter ox ore can be 
seen c l e a r l y . On the r igh t s ide of the photograph, 
a few sfriall mar t i t e c rys t a l s can a l s o be observed. 
The bands of hemati te can be seen cles i r ly . A 
secondary s i l i c a band i s cu t t ing oblique to the 
bedding planes (SSi) . 12.5 X. f>a-i L-
Figure 3: Soft ore (white color) along wi1±i some s i l i c a 
(black c o l o r ) . The breaking of i n t e r l ock ing of ore 
can be observed s p e c i a l l y a t the margins of the 
c r y s t a l s . 12.5 X Poi-L-
PLATE - I I ; 
Figure 1; Hematitic (ne) shaly ore mostly in the form 
of elongated needles , in v/hite and greyish white 
co lours , can be seen replacing slriales (black colour) . 
The process of replacement i s , a t p l aces / i n ti-xe form 
of zoning a l s o . 25 x. Pal- L-
B'igure 2; Contact of hematite (He) replaced by goethite 
(Go) and lepidocrocite (Le). The hematite can be 
clearly seen eroded avvay and replaced by goethite 
with very minor pits having lepidocrocite. 12.5 X Pff^L-
Figure 3; Small cavities in goethite (Go) having lepido-
crocite mineral. The colloform texture of the goethite 
can also be observed. At the bottom of the photograph, 
the hematite can be seei diluted'and transformed into 
goethite. 12.5 X. Potl--
PLATE - III: 
Figure 1; Banded Hematite Jasper showing micro end meso-
banding of s i l i ca (Si) and hematite (He - black) in 
Donimalai iron ore de,.osits. The banding of hematite 
and s i l i ca is though very clear but s t i l l has i n t e r -
mixing at places. Po-fL.-
Figure 2: >jicro and ^eso-banding in Hematite (black) 
and s i l i ca (white) in Banded Hematite Jasper of 
uonimalai Iron ore deposits on a larger view than 
in figure 1. The in te r banded inclusion of iron 
in s i l i c a and vice versa can also be observed, pail.-
Figure 3: Banded hematite jasper showing intra-forrnational 
brecciation on i t s l e f t side f i e ld . Fully developed 
s t y l o l i t e in hematitic bands almost in centre of the 
photograph. For intreformational brecciation, the 
s i l i c a grains within the hernatitic bands can be seen 
c lear ly . 12.5 X PCIL-
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PLATE - lY; 
Figure 1; S i l i c a lenso ids (white color) v/ithin iron ore 
band (black color) espec ia l ly along the d i r e c t i o n 
of banding. Certain o ther small grains are s ca t t e r ed 
in the en t i r e viev/ of iron ore band. 25 X po-t.U 
Figure 2; Small s i ze s i l i c a lense and semi lense shaped 
bands (in white color) are s ca t t e r ed hapazardly in 
i ron ore (black color)band of banded hemati te 
j a spe r s of the Donimalai I ron ore deposi t , which 
shows probably secondary stage c r y s t a l l i z a t i o n . 
40 X Po(L • 
Figure ^; S i l i c a c r y s t a l l i z a t i o n (in white color) in 
tiie form of semi-continuous and sca t t e r ed semi l ense 
shaped band within iron ore band of Banded Hematite 
Jaspers of t h e Lonimalai Iron ore depos i t . Figure 
1, 2 and 3 i n d i c a t e the formation of s i l i c a within 
i ron band in any manner i t s so lu t ion got concentrated 
and p r e c i p i t a t e d with change in environmental 
cond i t ions . Pcf^-i-
PLATE - V: 
Figure - 1: S i l i c a band (SSi) of t h i r d generat ion 
c u t t i n g across the primary (one band only) and 
secondary bands alongwith ti:ie micro- faul t with 
i t s d isp lacemai t . Po(-L^-
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Figure 2; Banded hematite jasper showing development of 
micro dessication cracks in hematitic (black) bands. 
The development of secondary quartz (SSi) across 
hematite (He) and silica (wMtish) bands filling up 
the microdessication cracks across the banding 
alongwith the microfault and the displacement. 
The photograph clearly shows three generations of 
silica crystallization in rilF of the Donimalai iron 
ore deposits. The f i rs t generation is formed along 
with the primary deposition. The second generation 
is forroed along or across the primary banding (as 
in CQitre) and third generation in cutting across 
both the f i rs t and second generations. 40 X Po-fL--
Figure 3; The banded hematite jasper showing the Pod 
structure of hematite (black colored) and silica 
bands (white colored). Bands along with micro 
dessication cracks filled v/ith iron and cutting 
across the primary bands of silica and iron. 40 X Poi-^ 
PLATE - VI: 
Figure 1: Micro fold of Hematite in between the silica 
bands of Banded hematite J&sper. Tnis fold appears 
to have developed after the secondary silica band 
development which is cutting across the formation. 
40 X f'ol'L-
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f igure 2; Secondary band of Hematite cu t t i ng across the 
bands of Banded Hematite J a spe r , The developed folded 
s t r u c t u r e of the Hematit ic band can a l so be seen. 
40 X t>oi U 
Figure 3; Lense shaped s t r u c t u r e of Hematit ic bands 
(black color) and a second generat ion Iron band 
c u t t i n g oblique to the s i l i c a and i ron bands of 
Banded Hematite Jaspers a t JJi?i®iiaeBJLai Iron ore 
d e p o s i t s . 40 X /'o^-^-
PLATE - VII: 
Figure 1; Banded hematite jasper showing two bands of 
silica (white) on either side along v/itli a band of 
hematite (black) in the middle* Especially tne 
middle band of hematite very clearly indicates the 
inclusion of small white coloured silica grains, 
which are likely to have formed later due to the 
frequent changes in the environment of deposition. 
12.5 X Po^i^-
Figure 2; Pinching and swelling of Hematite and Silics bands 
in Blr' of the Lonimalai Iron ore deposits. Secondary 
silica bands (white color) cutting oblique and across 
the iilF can also be seen. 40 X /V/- L-
Figure 3; Pinching and swelling, folding (left side 
view) and brecciation (right side view) of Hematitic 
and Silica bands in 3IF ol the iJonimalai Iron Ore 
deposits. 12.5 X A/' ^ -
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PLATE - VIII: 
Figure 1; Ejilarged view of silica and iron (black 
colored) bands of BIF of the Donimalai Iron Ore 
deposit showing presence of gangue minerals as 
Felspar, Epidote, Sericite and apatite. 100 X f^-L-
Figure 2; Highly enlarged view (400 X) of silica band 
in BIF of the Donimalai Iron ore deposit showing 
the presence of important minerals like i-pidote, 
and Zircon which are also identified in the 
premitive rocks indicating the source of BIF of 
the Donimalai Iron ore deposits from pre-existing 
granitic rocks. 400 X Pa-i- Z-oU" . 
PLATE - IX; 
'^igure 1; Dolerite/basalt: snowing ^mphiboles 
(•^ c^tinolite) - Tabular crosshetched crystals, 
felspars - i-^ lbite - long, needleshaped crystals, 
Epidote - and Zoisite (top centre). At places 
(bottom right side) the Plagioclases are serisi-
tized too. 40 X .  • • / 
Figure 2; The fine grained rock shows -^ -ctinolite -
E-uhedral to anhedral crystals considerably seri-
citized plagioclase elongated, needle shaped 
crystals and the Epidote (centre). The rock is 
identified as Actinolite schist. 40 X e 
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Figure 3; The rock is fine grained containing highly 
fine grained clayey material. Highly sericitized 
needle shaped, elongated crystals can also be 
seen. The rock is identified as sericitized 
schist. 40 X 0 
PLATE - X: 
Figure 1; Highly fine grained sericitized rock showing 
alteration of plagioclase (PI) to sericite (^er). 
Being in micro-crystalline form, it is very difficult 
to clearly identify the sericite but however the 
lath shaped form of the plagioclases from where it 
get sericitized is still available. 40 X i 
Figure 2; Altered amphibolite schist with & few chlorite 
crystals which might have altered from actinolite 
epidote and zoicite crystals are also present. 
40 X 
Figure 3; Chlorite schist: with plagioclase (Pi) and 
chlorite (Cl). The alteration of chlorite from 
actinolite can be observed. At places the small, 
elongated crystals can also be observed. The rock 
is sampled at 1017 bench v/ithin the ore zone which 
means the basaltic flows in the area are more than 
one. 40 X / 
C H A P T E ;^  - IV 
fcCONOFilC ASPECTS OF THE JXINXMALAI IRON FORiViATIONS 
INTRODUCTION; 
Minera l weal th of a count ry i s undoubtedly i t s 
backbone f o r i n d u s t r i a l i z a t i o n and development . Rich and 
economical c o n c e n t r a t i o n s of i r o n o r e s a r e a l l t h e more 
impor t an t and v i t a l f o r t h e growth of i n d u s t r i a l i z a t i o n . 
James (1966) d e s c r i b e d most economical i r o n o r e ' s world 
o c c u r r e n c e s as I r o n s t o n e and t h e Banded I r o n i ' o r m a t i o n s . 
Huge and economical world i r o n o r e o c c u r r e n c e s a r e 
e s p e c i a l l y those of Banded I ron f o r m a t i o n s . According 
to Gross (1986) , more than 90% of the i r o n ore s u p p l i e d 
f o r i n d u s t r i e s comes from Banded I ron f o r m a t i o n s . I n d i a 
too has r i c h and h igh ly economical o c c u r r e n c e s of Banded 
I r o n f o r m a t i o n s (BIF) e s p e c i a l l y in Singhbhum D i s t r i c t of 
B i h a r , Koenjhar d i s t r i c t of O r i s s a , B a s t a r d i s t r i c t of 
Madhya Pradesh , Goa, Chickmaglur and B e l l a r y d i s t r i c t s 
of K a r n a t a k a . The t o t a l r e s e r v e s of I n d i a n I r o n Ores a r e 
e s t i m a t e d t o be 17,000 m i l l i o n t o n n e s . Out of t h e s e about 
14,000 m i l l i o n tonnes r e p r e s e n t Hemat i t e and t h e r e s t 
Magne t i t e (Radhakrishna e t a l , 1986) . I n B e l l a r y d i s t r i c t 
Ka rna t aka , the ^andur S c h i s t b e l t a l s o i s r e p o r t e d t o have 
huge i r o n ore r e s e r v e s of h e m a t i t i c o r i g i n . Ore from t h i s 
a r e a , a f t e r raining and d r e s s i n g i s most ly expor ted t o 
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Japan. The ore potential and its Geochetriical character 
from this area is also reported to be economical and 
interesting. 
Several persons gave a detailed geochemical 
account of the iron ores of world. James (1966) has 
given a detailed geochemical account of different iron 
ore facias of Lake Superior and Algoma types of ores. 
Gross (1986) provided data on 27 elements in comiion 
lithological facies for Algoma and Lake Superior types. 
S4:ill very 1-imited work has been doxre on gcoohcmictry—of 
banded iren--£ormations of the world.—I'hcro^or^—it is-
d±€flcult to have their comparative study. 
In India, all the more negligible work has been 
done on geochemistry of banded iron formations. Only in 
oinghbhum district of 3ihar and Keonjhar district of 
Orissa a detailed review of geochemical characteristics 
of BIF is presented by Wukhopadhya and Chanda (1972)» 
Banerjee (1974, 1977). dai et al (1960), -^charya (1982) 
and ^hakraborthy and Kajuindar (1986) . 
In the iJonimalai area the geological survey of 
India during, 1964-68, and thereafter National Mineral 
Development Corporation analysed a number of speciman and 
borehole samples mostly for Iron, Silica, >:.lumina and 
Phosphorus (Table 8). ihe aim of GSI and MMDC to under-
take this analytical work was to prove the deposits for 
developing iron ore mine to export of iron ores. The 
author in present venture has taken up detailed geochemical 
« 
49 
studies, with the emphasis on Phosphorus content in Iron 
Ores of the iJonimalai area. During the work an attempt 
is made to collect representative samples from all the 
formations including those like shales and volcanics along 
with the Banded Iron i'^ ormations. In view of certain . , , • _» 
analytical problems/the data for deposit 3V/-North Biock 
could not be/presented in this work. -"Iso limited data 
for Volcanic and Metavolcanic formations is presented here 
with the aim to restrict the volume of work, since the 
present object is to undertake a detailed work on BIi: only. 
'•'•he analysis of Iron, Silica, Alumina, Phosphorus, 
Manganese, Calcium, Magnesium and Titanium was taken up. 
The Iron is analysed being the main constituent of ore. 
Silica, >^ lumina and Phosphorus were analysed for being 
main Iron Ore impurities. Oalcium and Magnesium Oxides 
were analysed to ascertain environmental conditions at 
the time of its deposition. The titanium and manganese 
were analysed to study terrestrial relation of the 
deposits (Table 8), 
About 150 speciman samples and 100 Bore hole core 
samples from the J-'onimalai formations including those of 
Metavolcanic, Banded Hematite Jespers/Quartzite and Iron 
ores, were chemically analysed. Their results are presented 
in Tables 5, 5, 7 and 8. 
For samples analysed on X-ray fluorescence iM'l;-B>^  
sample was taken as standard (Table 8). 
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DISTRIBUTION OF ELEMENTS; 
Chemical analysis of BHJ and BHC (i-able - 5) show 
the iron contents ranging from cb% to approxiaiately h2% 
whereas silica (^ iOp) varies from 40% to about 59/o. 
Alumina (•^ 120,) like silica, is also inversely related 
to iron and ranges from 0.23% to 2.02%. Phosphorus (P) 
content in BHJ/BHQ is low (n.01 to 0.34%). 
MgO concentration in the Donimalai iron ores is 
generally very low indicating fresh water deposition of 
the Banded Iron Formation (Pettijohn 1984) . Kg/b'e ratio 
(Table 8) indicates marked geochemical separation in 
manganese and iron. CaO was analysed to see the environ-
ment of deposits. 
In case of shales and other clastogenic material, 
TiOp is high, reaching a maximum of 2.01% (Table - 9). 
High percentage of i'i02 "^^ norm&lly concentrated in clays 
(Degen, 1955). In the crust it is likely to be 0.9% 
(Kason^M^r^/f^rf) Therefore, it can be understood that high 
Ti02 '^ °^ "tent in shale must have resulted due to terres-
trial decay of basement rocks which in this case may be 
basalt. In BHJ/BKQ also '•'-'i02 content changes between 
0.01 and 0.34 (Table 9). -^ his shows that 'ii02 ^ " BHJ/3HQ 
being less comparatively must have come with clays from 
decay of primitive rocks. Since the basement rocks in 
Lonimalai area are mostly of younger age i.e. r-'ics'^zrl a 
(•^ ubba f<ao and ^ ukheshwela, 1981) . Therefore, it can 
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a l s o be unders tood t h a t t h e p r e m i t i v e rock was probably 
t h e sou rce fo r d e p o s i t i o n of BHJ/BHQ. tVA/iwC^A/^ ^i^ A/ /c4 /< 
S i l i c a , a lumina , phosphorus , s u l p h u r , manganese, 
ca lc ium, magnesium and t i t a n i u m a r e among t h e major and 
minor i m p u r i t i e s i n t h e Donimalai i r o n o r e s . S i l i c a , 
a lumina, phosphorus and s u l p h u r a r e unwanted i m p u r i t i e s 
e s p e c i a l l y du r ing s t e e l making. In t h e Donimalai i r o n 
o res w i t h an average con ten t of 65% F e , t h e i m p u r i t i e s 
l i k e SiOp and su lphu r a re very low. Alumina and phosphorus 
a r e sometimes above the p e r m i s s i b l e l i m i t s (3% and 0 . 0 8 ^ 
r e s p e c t i v e l y ) i n t h e i r o n o r e s . The alumina c o n t e n t i s 
r e l a t e d most ly t o t h e degree of wea the r ing of o res and 
can, t h e r e f o r e , be f o r e c a s t e d dur ing min ing . Phosphorus 
in i r o n o r e s i s ve ry e r r a t i c , sometimes w i t h a h igh c o n t e n t 
upto t h e e x t e n t of 0.959^i P (Table 7 ) . As pe r t h e s a l e 
c o n t r a c t , t h e phosphorus c o n t e n t should no t exceed 0.08% 
i n t h e o r e s . E r r a t i c phosphorus c o n c e n t r a t i o n in Donimalai 
d e p o s i t s c r e a t e s problems and r e q u i r e s d e t a i l e d s tudy to 
l o c a t e t h e zones of Jbypicisri c o n c e n t r a t i o n s . The a u t h o r 
has t h e r e f o r e c a r r i e d o u t d e t a i l e d work r e g a r d i n g phosphorus 
d i s t r i b u t i o n in t h e Donimalai i r o n o r e s , 
PHOSPHORUS eONTET^ T IN THE DONIMALAI IRON ORES; 
Phosphorus i s an u n d e s i r a b l e impur i ty in i r o n 
ore f o r m a t i o n s . I t happens t o be the most impor t an t minor 
c o n s t i t u e n t of t h e l i t h o s p h e r e and occurs g e n e r a l l y i n t h e 
o x i d i z e d s t a t e . The only s t a b l e sou rce of phosphorus w i t h i n 
the lithosphere is in the form of phosphate radicals. 
The bulk of phosphorus is derived from apatite. Goldschmidt 
(1954) calculated phosphorus content of some igneous rocks 
analysed from random sampling as given in Table 4. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
Rocks 
Basalt 
Andesite 
Rhyolite 
(Liparite) 
Gabbro 
(Norite) 
Diorite 
Syenite 
Granite 
No. of 
Samples 
(N) 
342 
220 
82 
171 
200 
194 
340 
Mean 
(M) 
ppm 
2440 
1232 
550 
1700 
1440 
1330 
870 
Coeffi-
cient 
of di-
version 
(CD) 
57 
71 
105 
95 
85 
81 
79 
Kedian 
ppm 
2000 
1130 
580 
1140 
1140 
1150 
800 
Mode 
(Mo) 
ppm 
1300 
650 
220 
440 
650 
650 
650 
P = 100 
Si 
0.96 
0.40 
0.09 
0.64 
0.49 
0.43 
0.24 
Table - 4 Statistical data of phosphorus in igneous rocks 
(After Goldschmidt, 1954). 
In Table - 4 the atomic ratio P = 100 Si is derived from 
the mean (Goldschmidt 1954) . Mode is far below the corres-
ponding arithmetic mean, except in basalt. The other values 
are almost ec^ ual. Arithmetic mean shows a decrease in 
phosphorus with increasing acidity of the rocks which agrees 
with the conventional concept of phosphorus distribution as 
differentiation proceeds (Goldschmidt, 1954). Among median 
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values (Me), basalt still has the highest amount of 
phosphorus. Most acid members viz. granite and rhyolite 
show deficiency in phosphorus. 
Therefore, it can be concluded that the basalt 
is the principal source for phosphorus enrichment undee 
Gomc opooial drcumotanees in A zones of Donimalai area. 
The zones are described ahead in this chapter. 
In exogenic process, the original source of 
phosphorus is flourapatite of igneous origin (Goldschmidt, 
195A) . Due to its low solubility, some part of the 
phosphorus as flourapatite remains insoluble and is 
deposited in residual sediments. The remaining part 
passes into solution as alkali phosphatf and is dissolved 
as colloidal calcium phosphate in waters, containing 
carbon dioxide, and swamp water rich in organic matter. 
Some of this phosphorus is soon reprecipitated as calcium 
phosphate. However the bulk of it goes to sea (Goldschmidt, 
1954). 
The solubility of the phosphorus is controlled by 
pH and it precipitates with increase of pH, Sometimes, 
oxidate sediments like ilmanite and oolitic iron ores, 
contain considerable amounts of phosphorus. 
Among Donimalai iron ore deposits the banded 
hematite jaspers contain low phosphorus . AI0O-, and LOI 
are also low in general. (Tables 5 & 9). 
5A 
Bore 
hole 
No. 
BHS-5 
2E-11 
2W-1 
3EB-10 
BHS-21 
2E-16 
2W-7 
2W-9 
Rock 
types 
analysed 
BHJ 
BHJ 
BHJ 
BHJ 
BHJ 
BHJ 
BHJ 
BHJ 
Block Fe Si02 AI2O', P LOI 
South 39.00 43.92 0 .98 0 .029 0 .58 
Nor th 33.20 51.44 0.72 0 .028 0 .76 
Nor th 39.20 42.56 0 .50 0.034 0 . I 6 
North 40.40 41 .04 1.20 0.0202 0 .83 
South 34.00 49 .64 0 . 6 8 0.015 0.42 
North 41.20 40 .50 0 .52 0.022 0 .19 
North 39.60 56.44 0 .50 0.020 0.41 
Nor th 25.40 59.04 0 . 9 8 0.024 2.20 
Table 5 - Pe rcen tage of Phosphorus and o t h e r e lements i n 
the banded h e m a t i t e j a s p e r s of Donimalai i r o n 
o r e d e p o s i t s . 
The p resence of low phosphorus i n t h e banded 
h e m a t i t e j a s p e r s (Table - 5) i n d i c a t e s t h a t du r ing d e p o s i -
t i o n of BHJ/BKQ the phosphorus was low (o .015 - 0.034) and 
t h a t t h e phosphorus enr ichment i s a p o s t BHJ/BHQ d e p o s i t i o n a l 
phase fo r which the sou rce was p robab ly d o l e r i t e / b a s a l t be ing 
h i g h l y en r i ched in phosphorus (Table 4) . 'Weighted ave rage 
of phosphorus c o n t e n t in t h e Donimalai o r e s i s 0.05% 
(Table 14) i n d i c a t i n g p e r m i s s i b l e phosphorus c o n t e n t from 
t h e m e t a l l u r g i c a l p o i n t of view i f b lended p r o p e r l y . 
N e v e r t h e l e s s , t h e r e a r e fou r s p e c i f i c zones where t h e o re 
has i t s h igh c o n c e n t r a t i o n s . These zones a r e d e s c r i b e d below: 
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THE ZONES OH' HIGH PHOSPHORUS IN THE DONIMALAI DEHDSITS 
High phosphorus c o n c e n t r a t i o n i s a v a i l a b l e mainly 
i n t h e f o l l o w i n g 4 zones in t h e Donim^lai i r o n o r e 
d e p o s i t s : 
(a) South b lock between C8-A to C~12; An a r ea of about 
350 met4«f long s t r i k e l e n g t h in t h e South Block c o n t a i n s 
h i g h e r phosphorus c o n c e n t r a t i o n . This i s t h e zone where 
d e p o s i t - I A t e r m i n a t e s ( c r o s s s e c t i o n C_11) . Geo log ica l 
d e t a i l s of t h e zones a r e shown i n f i g u r e - 8 . 
(b) Ore Body-A South Biock; A l l a l ong t h e wes tern f l a n k 
of t h e o r e body, e s p e c i a l l y i n t h e Nor th (F igu re - 5 ) , 
phosphorus i s c o n s i d e r a b l y h igh and sometimes the concen-
t r a t i o n goes upto 1.00%. 
(c) Nor th Block, Depos i t - 3E between D7 and D10; There 
i s an enr ichment of phosphorus i n t h e a r e a w i t h i n about 
300 vaetJi^s s t r i k e l e n g t h (i*"ig. 9 ) , though t h e c o n c e n t r a -
t i o n i s no t as h igh as t h a t i n t h e sou th b l o c k . 
(d) North Block Depos i t - 3E between I'^ih and N6; -^ n a r e a 
of about 200 met^€/ s t r i k e l e n g t h h e r e i s <&ffectcd by 
erirxclcxjiipL bYj^ phosphorus as shov.T; i n ^ ' igure 10. The 
l e p i d o c r o c i t i c oi - ( P I . VI, F i g s . 1 & 2) A.a e x p e c t e d - t o 
c o n t a i n / h i g h p e r c e n t a g e of phosphorus , however a r e of 
pos t supergene o r e enr ichment as i n d i c a t e d by occu r r ence 
of phosphorus normal ly i n sheared zones o r a long bedd ing / 
j o i n t s p l a n e s i n t h e d e p o s i t . 
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In view of basaltic/doleritic intrusion observed 
upto 1017 mtrs level even in Iron Ore bodies (^ 'ig. 6) in 
Lonimalai Iron Ore deposits (Korth Biock) it can well be 
stipulated that Goethite/lepidocrocite containing high 
phosphorus content must have formed due to hydrothermal 
leaching of Iron and absorbing phosphorus probably from 
basalt within the surface area and the solutions formed 
therefrom must have been injected in different directions 
through the fissure zones/ Alteration of goethite/ **• /«.i.-^ -6. 
lepidocrocite from hematite is indicated in plate II, 
Figures 2 & 3. 
From one of the above mentioned phosphorus enriched 
zones the samples are also collected at an exposed bench 
face of the iJonimalai M^ne at 1019 meters level between 
cross section ^^ 11 and ^12 (^ ig. 9). High phosphorus in 
the form of Goethite/lepidocricitic ore, as a band of 
about 3 cms. thickness was found to occur along the joint 
planes of soft ores. The soft ores, on either side, just 
above and below the goethite/lepidocrocite band were also 
sampled. The results are shown in Table - 6. 
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Sample No. Ore type Grade % Remarks 
A. SMMA/1019/II Sof t o r e 68.80 0.086 Above t h e 
g o e t h e t i c 
band 
B. SMMA/1019/I G o e t h e t i c 49.60 0 .550 G o e t h e t i c / 
ore/Lepido- Lepidocrocite 
crocite ore band. 
C. SMMA/1019/III Soft ore 68.80 0.077 Below the 
goethetic 
band 
Table: 6 Phosphorus and iron contents in samples 
collected from 1019 m. level, I^ onimalai 
Mine, 
Table 6 indicates high phosphorus content mainly in the 
Goethite/lepidocrocite ores. Presence of high phosphorus 
content in high grade ores is only noticed in such cases 
(as indicated in Table 6) where the iron ore bodies in 
the vicinity are injected by phosphorus enriched solutions. 
In such cases, phosphorus content rarely exceeds 0.^0%.^i^/oui.c€ ^ 
The goethetic/lepidocrocite ores with high 
phosphorus content, as observed in these four zones of 
the bonimalai deposit were sampled* (Total 9 samples) 
and analysed. The results are shown in Table - 7. 
S. Sample 
33 
Radicals 
Nc)* ^°- P LOI Al20^ 3i02 i"e r eO CaO KnO 
1. SP/A 0.644 13.31 2.57 0.90 54.8 0.45 0.30 0.74 
2. SP/B 0.935 12.12 2.37 0.24 57.8 0.70 0.20 1.07 
3. SP/C 0.959 13.26 4.71 0.22 55.6 0.38 0.20 0.66 
4. SP/D 0.129 1.47 0.62 0.52 68.0 0.83 Tr. 0.10 
5. SP/E 0.736 11.23 2.69 0.30 58.8 0.38 do 0.37 
6. SPA' 0.536 7.43 2.80 0.38 61.8 0.32 do 0.39 
7 . SP/G 0.686 13.42 7.61 0.52 54 .4 0 .45 do 0 .22 
8 . SP/H 0.282 13.17 6.52 1.54 55 .0 0 .45 do 0 .27 
9 . SP/I 0 .296 11.35 3.84 1.40 58.0 0 .20 do 0.12 
Table 7: High phosphorus c o n t e n t i n i s o l a t e d zones , 
Donimalai Mine. 
The r e s u l t s shovm in Table 7 i n d i c a t e t h a t : 
1. Fe c o n t e n t in o res i s g e n e r a l l y low i . e . (50-60%) 
wherever phosphorus i s h igh (<C0.5%). 
2 . The p e r c e n t a g e of LOI ( l o s s on i g n i t i o n ) i s u s u a l l y 
h igh wherever the phosphorus c o n t e n t in o r e s i s h i g h . 
3 . The p e r c e n t a g e of alumina i s a l s o u s u a l l y i n c r e a s e d 
with t h e i n c r e a s e i n phosphorus c o n t e n t . 
4 . ihe p e r c e n t a g e of MnO i s u s u a l l y on t h e h i g h e r s i d e 
(above 0.50%) in cast-s where phosphorus p e r c e n t a g e i s 
h i g h . 
5 . i-ven in i s o l a t e d zones the h i g h e s t c o n c e n t r a t i o n of 
phosphorus does no t exceed 1.0%. 
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The relation o±' iron v/ith SiOp» AlpO,, LOI and 
pnosphorus (P) is graphically presented in r'igure 11. 
However, evidently the high phosphorus content in 
the Donimalai Iron Ore deposits is a challenge to the 
quality control during mining of ore, though luckily 
isolated mostly within A zones only. In course of his 
studies, the author investigated a possible solution to 
reduce the high phosphorus, if possible by means of solu-
bilisation. through fungus effects at various temperatures, 
pH or ore concentrations. In this process, the phosphorus 
from its source with high phosphorus content (PI. II, 
i'ig. 3) is likely to be drained off in the form of solution 
thereby increasing ^ "e content. However such experiments 
are reported to be I'ruiti'ul for manganese ores (i-'eshpande 
and Daginawala, 1986). The results of the Donimalai Iron 
ores are in its initial experimental stage. The details 
would follow. 
As a whole the Donimalai Iron Ore deposit is good 
from the point of view of its economics. Its details are 
summarized below under a sub-heading as "development and 
mining of the donimalai Iron Ore deposit". 
Development and Mining of the -donimalai Iron Ore deposits: 
Investigation of the Donimalai Iron ore deposit was 
taken up for detailed proving of reserves and development 
of the mine for the export of Iron Ore. Initially the 
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Geological "Purvey of India, during 1964-68 carried out 
detailed geological exploration work of the Donimalai Iron 
Ore deposits with a view to ascertain its economic poten-
tial, •'^'hey prepared a large scale geological map on 
1 : 1000 scale and besides trenching and pitting drilled 
about 7227 matAJtt drilling in 102 bore holes on 100 meters 
grid interval. They estimated about 155.75 million tonnes 
(including 1.31 M.T. of float ore) of Iron ore reserves 
with an average grade of 64.93% Fe content in six iron 
ore deposits namely deposit -I and I-A in ^outh Block and 
2E, 3E, 2W and 3V/ in North Biock. Deposit-I consists of 
four ore bodies namely A, B, G and '^, -subsequently 
National Mineral Development Corporation of India carried 
out about 8655 Kits (till 1984) exploration drilling in 
141 bore holes on 50 meters grid interval as the data 
provided by GSI was considered inadequate for development 
of the mine. 
When proved satisfactory the National Mineral 
Development Corporation of I^dia, based on their explora-
tion data programmed 95.53 milliontonnes of Iron ore 
reserves for mining 4.00 Fiillion J-onnes ore per annum. 
The details of reserves with grade, number of benches, 
mining limits and waste excavation is given in Table 9. 
The National Mineral Development Corporation of India, in 
view of its mining convenience and the buyers specification 
classified various ore types as available in the Donimalai 
deposits. The details of the ore types are given in 
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Table 10. The buyers specification with iron ore cost per 
tonne is given in Table 11. 
The chemical characters (Table 9) of the deposit 
are varying. South block deposit-I is highly rich, having 
average Fe content as 57.80% and stable from the point of 
view of its impurities like silica and alumina. Ore 
persistence in depth in this deposit is also high compared 
to other ore bodies. Other deposits are having average 
Fe grade from 63 to 65^. The alumina is, though high in 
North B;iock but can be controlled since it is due to the 
alteration mostly at the surface only. 
The iron ore at Deposit I-A ("^ outh Biock) has 
better lump recovery though it is comparatively of lower 
grade (64.64% Fe) with alumina and silica on the higher side. 
The deposits are narrow and have smaller face lengths in 
general, '-^he North Biock deposits with comparatively 
greater face lengths are good for production efficiency 
but they are usually shallow in depth and have lesser 
reserves. 
According to the envisaged monthly/weekly production 
programme,the ore is blasted from required mine benches 
and trar.sported, by dumper, to primary crusher, which is 
the receiving point for ore dressing plant. After desired 
crushings and screenings at crushing and screening plants, 
the ore is separated as per desired size specifications 
(Table 11) and ultimately stacked at loading plant for its 
onward despatch to Madras Outer Harbour from where it is 
ultimately shipped to Japan. 
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As such the mine i s good and highly economical as 
i t i s earning present ly about i<s. 1.78 c rores per month 
of te r having exported about 2.473 lakh tonnes of ore a t 
the r a t e of ^s, 71.93 per dry matric tonne (Table 11). 
ihe ore i s qui te cons i s t en t ly produced as envisaged on 
the bas is of explorat ion r e s u l t s , in s p i t e of the very 
d i f f i c u l t and chal lenging condit ions of mining and qual i ty 
con t ro l . 
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(A) Chemical composi t ion Lump o r e i n e ore 
Fe 
AI2O, + Si02 
AI2O3 
Si02 
Phosphorus 
Ta rge t for t he yea r 
(Phosphorus) 
Sulphur 
Copper 
Lead 
Zinc 
65% b a s i s 
63% (min) 
5% (max) 
3% , , 
0.0854 , 
0.06% , 
0.05?;; , 
0.05% , 
0.01% , 
0.01% , 
o t h e r minor meta l s e x c l u d i n g 0.15% » 
Mn, Kg, Ca and T i . 
> > 
> * 
65^0 b a s i s 
63% (min) 
5% (max) 
3% 
3% 
0.08% , 
0.06% , 
0.05% , 
0.05% , 
0.0l7t , 
0.01% , 
0.15% , 
F r e e Mois ture l o s s 6% max. 10% max, 
(B) P h y s i c a l composi t ion (on wet b a s i s ) 
1 . S i z e r ange -30 mm + 6 mm -10 mm 
2 . O v e r s i z e t o l e r a n c e 5% max 5% max 
3 . Under s i z e t o l e r a n c e 20% , , 40% , , 
(C) S e l l i n g p r i c e 
d u r i n g 1985-86 
•^s. 71 .93 p e r dry m e t r i c 
tonne 
Table - 1 1 : S p e c i f i c a t i o n and p r i c e of Donimalai I r o n 
O r e s . 
C K A P T E R - V 
DlSCUSSlOiv 
Goldschmidt (195^) has r i g h t l y s t a t e d t h a t t h e 
i r o n r a n k s \ f o u r t h i n abundance in tjne e a r t h s c r u s t , a f t e r 
oxygen, s i l i 6 9 n and a lumina , haviiVg i t s mean v a l u e as 5%. 
The c y c l e f o r i'ispn o re f o r m a t i o n / p r e s e n t e d by Landergren 
(1948) i s widely ay::epted bu t tl^e q u e s t i o n t h a t i t i s 
formed through exogeiMc or endogenic p r o c e s s e s s t i l l 
remains c o n t r o v e r s i a l , \The i r o n o re s a r e formed l a t e 
s e g r e g a t i o n i r on o r e b o d i e s /Bateman, 1951) and a l s o as 
i r o n s t o n e and sed imenta ry ijrax^ f o rma t ions (Lepp, 1975) . 
The l a t e r e s p e c i a l l y a r e wadespHead and a r e d i s t r i b u t e d 
a lmost i n a l l t h e c o n t i n o n t s of t h \ w o r l d . In g e n e r a l , 
t h e r e a re l i k e l y to be | 'our f a c i e s o \ i r o n o res (James, 
1965) known as s i l i c a t j ^ , c a r b o n a t e , s u l p h i d e and oxide 
f a c i e s . Donimalai iry6n o r e d e p o s i t b e l o n g ^ t o t h e ox ide 
f a c i e s of Precambrigtn age, 
No d e t a i l e d work has been done e x c l u s i v e l y on t h e 
p e t r o l o g y of t h e Donimalai i r o n o r e s , though a number of 
workers have i n v e s t i g a t e d t h e Sandur s c h i s t b e l t o£ which 
Donimalai i s a p a r t . Roy and BisWas C^983) worked out 
the d e t a i l e d y s t r u e t u r e oi t h e sofnist b e l V and pronounced 
t h e Donimalali i r o n o r e d e p o s i t / a s a doubly p lung ing 
s y n c l i n e hav ing s t e e p p l u n g e , / o n an average 60? in ivisiW 
and a g e n t l e p lunge on an average 25° in SSE d i r e c t i o n . 
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Investigation has been done in Donimalai by GSI 
(l96Z+_58) and NMDC (1967-85) only from the point of view 
to develope the iron ore mine for iron ore export. During 
investigation emphasis was given for the analysis of 
mainly 5 radicals viz. Fe, Si02, AI2O,, P and loss on 
ignition whereas in the present work the author has taken 
up the analysis of 8 radicals to study geochemical aspects 
including that of conditions of depositions and genesis. 
The phosphorus content in the Donimalai iron ores is also 
discussed in view of its very erratic behaviour and having 
a direct influence on the quality of ore while mining. 
The petrological work done on iron ores, banded 
hematite jaspers/quartzite and the basement rock forma-
tions (mainly basalt/dolerite) reveals various character-
istic features of the rock types occurring in the area. 
The basement rocks consists of minerals like feldspars, 
and amphiboles. The dolerite/basalt is the main volcanic 
rock of the area. The overlying banded hematite jaspers/ 
quartzites contain alternate bands of silica and hematite 
due to cyclic changes in climatic conditions (.-iadagouda & 
others, 1988). These bands are micro and meso in character, 
The BHJ/BHQ are showing various micro structures like 
styiolltes, pods, pinch and swell and micro-dessication 
cracks (Pi, V, rig. 1). Pinch and swell structures 
(PI. V, Fig. 3)and (PI. VI, Fig. 3) are considered to 
have been produced due to the differential pressures 
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whereas microdessication cracks are developed due to 
tension (l^ iajumdar and Chakraborty, 1977, Kai, et al., 
1980) syneresis cracks (Pl. VIII, Fig. 2) (PI. V, Fig. 3) 
are filled with late silica or iron oxide (Kajumdar et 
al., 1977, Acharya et al., 1982). 
Carey (1986) argued for duststorms being respon-
sible for large scale tx^ ansport and deposition of iron and 
silica and their deposition in broad basins. In the 
Donimalai area, the lithounits like shales and other 
structural features provide evidence for the Donimalai 
iron ore deposits being of marine origin. The presence 
of stromatolits in limestones (I'.^jrthy and Reddy, 198^) in 
the schist belt also indicate deposition under marine 
conditions. 
The geochemical, petrological and field studies 
indicate that the source of the Donimal&i banded iron 
formations was probably from terrestrial decay of primitive 
crust viz. granite. Since sucn a huge quantity :Of iron 
and silica is hot likely to be made available from only 
decay of the primitive crust, therefore, it is expected 
that the remaining iron and silica must have been added 
from elsewhere. The volcanic activity in the area is 
very much indicated by huge occurrences of volcanic rocks^ 
Hence the model for source of iron and silica for huge 
deposition of banded iron formations of the Donimal&i 
area has however emerged as sedimentary, utkiok f-tohA.kt/'^*'''*'^*^'^ M%.A^* 
^/M'AM.SSX oi (M Xtor* Tl^^ufk fU.^ti^ hdiSfiUZic -^eun ('*» /X« ^cte.a. 
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Supergene enrichment and/lydrotherraal so lu t ions 
are said to hav\ produced ore f^om BIF. James (1965) 
favoured sur fac ia i \ ine teor ic agpic ies as the v i t a l source 
to have produced ores\from Sly through supergene enr ich-
ment. In Donimalai area\alsc/ surface meteoric agencies 
espec ia l ly seem to have prochdced o res . Though the 
hydrothermal a c t i v i t y i s aaso db>served in the Donimalai 
a rea . Probably the metec/ric watersNm South 3iock must 
have been more ac t ive esBpecially than those in North Block. 
I t i s t h i s reason tftat the ore p e r s i s t e n c e in depth in 
the iiouth 3]^ock i s m6re as compared to t h a t in the North 
Block. 
Dorr-II (1965) declared t h a t the high grade 
hemati te ores of the Quadri la tero f e r r i f e r o were caused 
by synraetaraorphic metasomatic replacement of quartz in 
the hos t I t a b i r i t e by hamatite derived from Iron Forma-
t ions i t s e l f . He hov.'ever, bel ieved t h a t the Transporta-
t ion of i ron to and Quartz from the s i t e s of replacement 
was by flui-ds a t high temperatures and pressures derived 
in p a r t from the enclosing meta-sedimentary rocks during 
t h e i r metamorphism and from also the younger g r a n i t i c 
bodies, formed and emplaced during metamorphism. The 
statement 01 Dorr-II (1965) a lso seems to be exactly 
f i t t i n g in to the h i s to ry of i ron ore Fornrations of the 
Donimalai area , since tirtg—-grltnltivc rooK of xjonimalcii xs 
Q '^OPonitcci and the underlying basement rocks ( d o l e r i t e / 
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basalt) are evidenced to have penetrated Blr further deep 
up to the extent of 1017 Mts (MSL) bench especially in 
North B;i^ ock of the Donimalai Iron Ore deposits. 
From enriched ore various ore types are produced 
by deformational factors (Dorr II, 1965, Prucker, 1985). 
Certain workers attempted to classify ores in the schist 
belt, i^ hivkumar and Naganna (1975)' presented a generalized 
classification of iron ores of the schist belt into 7 
categories as hard banded silica pure primary magnetite 
ore, the hard massive hematite ore, the hard banded to 
brecciated hematite ore, tne brittle to hard laminated 
hematite ore, the soft powdery hematitic ore (Blue dust), 
tne highly ferruginous quartzites and shales and the 
laterites and lateratic ores. 
Biswas (1979) described mainly two types of ores 
in the entire Sgndur schist belt which are described 
below: 
1. The ore with primary origin: The ores continuing in 
depths say upto 80 Mts., being physically hard, compact, 
and massive with the uniformity of width of chemical 
composition are classed in this group. 
2. The ore with secondary orifein; The ore is reported 
to have been produced due to the enriciinfent of banded 
ferruginous chei^t/quartzite sx.ov/ing non-uniformity in 
chemical composition and physical characteristics. 
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As per Biswas (1979) the hard ores pene t ra t ing 
in depths can only be primary in na tu re , and only the 
hard ores a re supposed to be ava i lab le in deeper por t ions 
of the depos i t s . That means the other ore types , may be 
in depth are of secondary na tu re . The c l a s s i f i c a t i o n of 
ore types as s ta ted by Biswas (1979) seems hypo the t i ca l . 
KMDC for t h e i r working convenience declared an ore c l a s s i -
f i c a t i o n based on lump recovery. The d e t a i l s of the 
c l a s s i f i c a t i o n are given in Table 10. The shaly ore 
occurrences in Donimalai Iron Cre depos i t s seems to be 
the r e s u l t of replacement from sha le . 
Dorr - l l (1965)'and Prucker (1983) have discussed 
about the genet ic aspects of various ore types . As per 
Dorr-II (1965) only hard ores are formed i n i t i a l l y by 
leaching out of s i l i c a and i t s subsequent enrichment i s 
being done by meteoric agencies . Other ore types are 
formed a t the expense of hard ores on ly . Prucker (1983) 
while descr ibing the generat ion of var ious types of sof t 
ores s t a t e d t h a t the sof t ores are formed by deformational 
forces mainly by accentuated j o i n t i n g . In viafr of the 
authoK- the develcpment of d i f fe ren t ore t y p / s l i k e so f t 
ore , blue dtJs<in the Donimalai area i s pnabably due to 
both the reasons i.ei;;;^^^^^ accentuated jofn t ing (Prucker, 
1983) and unloyCking of ore i n t ^ l o c k s / o f ore grains 
(Dorr~Il , 1 9 6 Q ) , I n i t i a l l y probab]Ly;?4^ medium/hard/ 
laminated ones were formed. The fi /r ther uriiQcking of 
t h e i r ore grains i n t e r l o c k s formed the so f t o r e s ^ n d 
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ul t imate ly blue dust whereas the increased deposi t ion of 
ores by meteoric agencies formed th^ hard and u l t imate ly 
massive o r e s V ^ h e P la ty /Biscu i ty iOres are probably the 
r e s u l t of leaching otit-s^ s i l i c a / t h rough micro or nearly 
microbands of BIF leaving bemTrr^iLthe p la ty ore as observed 
occurr ing in Donimalai area als/O e s p e d i a ^ y in trench 
sect ion of deposi t 2W-Korth Bijpck, This means~-<tiie p la ty 
ores l i k e medium hard laminated ores ar;ealso l i ke ly 
be primary in o r i g i n . In ca ie of shaly ores the hematite 
i s rep lac ing shale u l t imate ly forming shaly o res . 
The view of t;imroth (1977) t h a t the iron formations 
are e s s e n t i a l l y a product of d iagenet ic replacement of 
primary carbonate does not seem to be t rue especia l ly in 
case of the Donimalai i ron ore deposi ts as they show 
evidence of d iagenet ic transformation from magnetite 
(PI . VII, B^ig. 3 ) . The opinion of Drever (197^) for 
upwelling of i ron so lu t ions does not seem to hold good 
e i t he r s ince the Donimalai hemati te i s secondary a f t e r 
magnet i te . According to Drever 's (197A) model the hemati te 
i s supposed to be primary in o r i g i n . 
According to rtadhakrisnna (1986) the supply of 
n u t r i e n t s to s i l i ceous organism i s the probable physico-
chemical condit ions prevail ing; a t the time of BIF format ion. 
Presence of s t r oma to l i t e in Sandur s c h i s t b e l t (Kurthy and 
Reddy, 1984) i s a proof for presence of l i f e around 2900 m.y, 
7^ 
ago and that sufficient oxygen was available in that area 
during the Precambrian (ix'aqvi et al. 1987). Windely (1983) 
stated tnat the reddish to brown laminae in the banded 
iron formations of Bababudan and Sandur schist belt indi-
cate the development of oxygenated atmosphere as early as 
more than 2.6 b.y. ago. ouch evidences ox red laminae are 
also observed in the Donimalai ares. This also indicates 
that the Donimalai BIF was formed when sufficient quantity 
of oxygen was available. This shows that the formations 
are formed in platformal basin ver>' near to the surface 
where sufficient oxygen was available which agrees with 
the model presented by Morris (1986), Morris (1986) 
presented an 'Eclectic Kodel' to describe BIF Formation 
due to upwelling ocean currents as chemical sediments in 
a plateformal depositional environment. He further 
explained iron being precipitated largely by photo-oxidation 
of ferrous iron as goethite when it reached the surface 
rather than due to biochemical processes. Morriss (1966) 
model does not explain the origin of Donimalai ores 
especially since there are no primary goethite occurrences 
any where in the I'onimalai area. 
SUMMARY AND CONCLUSION 
Banded Iron Formations are important component of 
Ox Archaean Schist b e l t a l l over the world. In India the occur 
in huge amounts in Ba i lad i l a complex of M.P. , Bonai range of 
Bihar and Orissa . Iron ore depos i t s of Goa and Kudremukh / 
Bahabudan Magnetite depos i t s and Hematite depos i t s of Sandur 
schis t b e l t in Karnataka. 
The Donimalai Iron ore depos i t s are c e n t r a l l y located 
in extreme south of Sandur Schist be l t in d i s t t . BellaryC Karuataka), 
Geological Survey of India during 1964(68 and Later National Meneral 
Development Corporation of India did i t s de ta i l ed Inves t iga t ion 
of prove i t s ore po t en t i a l for mining and export t o Japan. 
7 Km long deposit cons i s t s of 5 i so la t ed , lensoid 
shaped Ore bodies being separated by shale bands. Qua l i t a t ive ly 
t he ore body A of Donimalai i s best probably among e n t i r e schis t 
be l t depos i t s . I n i t i a l l y t o t a l 155.79 M.T. reserves with 64.93>4 
Fe content are est imated. However 95.53 M.T. Iron ore rese rves 
with 65.53 Fe content were planned for mining the ore for export 
at the r a t e of 4.00 M.T. per year. . 
The s t ruc tu re of t he deposit i s s ta ted t o be doubly 
plunging syncline with s teep d ips (60«) plunging SSW and gent le 
d ips (aO") plunging NNE , As per ava i lab le r e s u l t s t he deposi t 
seems t o have formed in sea under shallow water condi t ions . 
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Various micro s t ruc tu re l i k e Pod Structure Micro-
dess i ca t ion cracks , Syneresis and S t y l o l i t e have a lso developed 
subsequently due t o var ious tens ion and compressional forces 
(Acharya 1982) . 
The Iron Ores of Donimalai are formed due t o supergene 
enrichment from BHJ/BHQ spec ia l ly by surface meteoric agencies . 
Various ore types are formed due t o both,unlocking of i t s var ious 
gra in in t e r locks within the ore (Dor r - I I 1965), and due t o defor-
mational forces (Prucker 1983). 
The gangue in t he Donimalai iron ore is oxides of 
s i l i c a , alumina and phosphorus. The other l e s s important gangue is 
sulphur, manganese, calcium, magnesium and t i t an ium. However, 
alumina and phosphorus are most troublesome impuri t ies for qua l i ty 
control during mining. The phosphorus occurrences in t he Donimalai 
ores are I r r a t i c but for tunate ly confined within four zones only. 
As a remedial s tep , in future , a de ta i l ed study of phosphorus 
in iron through the fungal e f f ec t s for i t s so lub i l i z a t i on i s t o 
be done t o assess i f phosphorus concentra t ion in the Phosphorus 
enriched ores can be a t l e a s t reduced if not eliminated a l toge the r . 
Such s tudies are reported t o be useful for manganese o res . The 
source of phosphorus seems t o be d o l e r i t e / b a s a l t v/hich i s reported 
t o be usual ly widespread and with t r i v i a l exception, the only 
rock found in the pac i f ic Basin (Krauskopf, 1967). Basalt occurs 
I 
In Donimalai area also abundently(Fig,6). The model for Donimalai 
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Banded Iron Formation ( B I F ) i s evolved t o be SEDIMEMTARY having 
received Iron and s i l i c a mainly ffom frequent lava flov^s and 
p a r t l y flrom basement rocks decay. 
The v/ork carr ied out in t h e present venture helped 
t o understand the deposit in a b e t t e r manner and indicated t he 
channels for future work. The Donimalai iron ore depos i t s need 
de ta i l ed inves t iga t ions on the following l i n e s and are l i k e l y t o 
be persued by the author during h i s Ph.D. work: 
1, More de ta i l ed microscopic study of polished and 
t h i n sect ions for a l l - t h e basement rocks . Banded 
Iron formations and iron o res . For ce r t a in 
samples scanning Electron Microscopic ana lys i s 
i s a lso f e l t necessary, 
2, Trace element study of the basement rocks and the 
banded iron formations, 
3 , Microprob ana lys is of samples having high phosphorus 
content , 
^ , Oxygen isotope ana lys i s t o study O-igO-io r e l a t i o n 
of Donimalai o res , 
5, Fungal effect study of t he phosphorus enriched 
iron ores of t he Donimalai area for the purpose 
of i t s de-phosphorizat ion. 
X I 
^^^^S J^32-,^I 
C H A P I T E R - VI 
SUKiNiARY AvlD GONCLUSIQK 
Banded I r o n a'ormations a r e imo^^ tan t component 
01 Archaen Schis t b e l t s and r e p o r t e d occurr ing a l l over 
the world. In Ind ia , theV mainly/occur in huge amounts 
in B a i l a d i l a complex of F^yP., Bonairange of Bihar and 
O r i s s a . Iron ore depos i t s of J«oa and Rudremukh/3ababudam 
Fiagnetite depos i t s and henk t / t e depos i t s of Sandur Sch i s t 
b e l t in Karnataka. I 
The Donimalai i r on io r e depos i t s are cen t r a l ly 
/ i 
loca ted in extreme south o:^  Sandur Sch i s t b e l t in d i s t r i c t 
/ I 
le l lary (Karnataka). /The deposi ts have been explored in 
d e t a i l . Geological purvey of I^dia during 1964-58 and 
/ 1 
l a t e r National Vtin&ral Deve|.opment Corporation did i n v e s t i -
gation work here/Tor the purpose to prove i t s p o t e n t i a l 
Df iron ore for export . The 
smatite with 155.79 ^i.T. t o t a l 
content . La te r National Mineral 
gramraed mining of 95.53 Mil l ion 
and develope i y for minin 
deposi t i s prroved to have h 
ore reserves and 64.93>^ Fe 
Development Corporation pro 
tonnes i^on ore reserves waith 65.53% Fe conten t . 
The s t r u c t u r e of thfe depos i t i s s t a t ed to be doubly 
plunging syncline with s t e e t dips (70°) plunging SSW and 
gent le dips (20°) plunging NNE, s imi la r to t h a t of Sandur 
Schis t Belt (Roy and Biswas,\ 1983) . 
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The Donimalai deposfit contains var ious l l t h o u n i t s 
l i k e Banded Ferruginous char t , metabasa l t s , metaamphibolite, 
tuff and metavolcanics. Tnie formation i s over la i ivby 
Nandihal l i and underlain by\Devgiri f o r m a t i o n s . / The 
peninsular gneiss being the \pr imit ive formation (Roy and 
Biswas, 1983). / 
The Donimalai i ron fdrmations cQj^sist of iron and 
/ 
silica bands. Various microstructures' like lod structure, 
microdessication cracks, cyneresis 2(nd stylolites have 
V / 
also developed at a later stagp d)4e to various tension 
and compressional forces. 
The Donimalai iron oro^ l are formed due to super-
gene enrichment of BHJ/BHQ e^peiially by surface meteoric 
agencies whereas the difrei/ent are types are formed due to 
unlocking of interlocks of various grainswithin the ore. 
The main impujrrties in the Donimalai iron ores 
are oxides of silica^ alumina ana phosphorus. The other 
less important impurities are sulphur, manganese, calcium, 
magnesium and titanium. However, \alumina and phosphorus 
are most troublesome impurities for quality control during 
mining. The phosphorus occurrences in the Donimalai ores 
are irratic but fortunately confinea within four zones 
only, j^s a remedial step, in futurk, a detailed study of 
phosphorus througn the fungal effect\for its solubiliza-
tion in iron ore is to be done to assess if pnosphorus 
concentration in the Phosphorus enricijed ores can be 
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atleast reduced if not elilpinated altogether. Such studies 
are reported to be useful for manganese ores. I'he source 
of phosphorus seems to be dplerite/basalt which is reported 
to be usually widespread anq with trivial exertion, the 
only rock found in the Pacific Basin (Krausk'bpf, 1367). 
\ / 
Inc iden ta l l y basa l t a lso occi^rs in Donimalfei area in a 
considerable amount (^'^ig. 6) .i 
The work car r ied out in the pi/esent venture helped 
to understand the deposi t in a b e t t / r manner and ind ica ted 
i / 
the channels for future work. ' Ths Donimalai iron ore 
! / 
deposi ts need de t a i l ed investiigayfcions on the following 
i / l i ne s and are l ike ly to be per'^ued by the author during 
his Ph.D. work: 
1 Kore de t a i l ed microsscopiic study of polished and 
th in sec t ions f o r / a l l tjhe basement rocks, Banded 
Iron formations ysnd i rob o res . For ce r t a in 
samples scanning Electrpn Microscopic ana lys i s 
i s also f e l t necessary . ; 
3. 
k. 
5. 
Trace element study of -^ he basement rocks and the 
banded ircsn formations, 
Microprjob ana lys i s of sejmples having high phosphorus 
center 
Oxygten iso tope analys is \co study O-icO^o r e l a t i o n 
of Donimalai o r e s . 
Fyngal ef fec t study of the phosphorus enriched 
/ron ores of the ^onimalai area for the purpose 
of i t s de-phosphorizatiorl . 
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